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(54) Endoscope capable of being autociaved 

(57) An endoscope capable of being autociaved in 
accordance with the present invention includes an 
insertion unit, an internal endoscope space, and con- 
tents. The insertion unit has a soft member, which is 
made of a soft polymeric material, as at least part of a 
casing thereof. The internal endoscope space includes 
the internal space of the insertion unit that is formed at 
a first sealing level at which the internal space is sealed 
in a watertight manner relative to an outside. The con- 
tents include at least one hermetically sealed unit (40) 
composed of a plurality of airtight partition members 
(37, 41 , 47) and formed at a second sealing level higher 
than the first sealing level by joining the meeting por- 
tions of the airtight partition members (37, 41 , 47) using 
an airtight joining material. All or part of the airtight par- 



tition members is stowed in the internal endoscope 
space. Even when high-pressure high-temperature 
steam permeates through the soft member of the inser- 
tion unit which is made of a polymeric material, and 
invades into the internal endoscope space formed at the 
first sealing level, the high-pressure high-temperature 
steam will be hindered from invading into the hermeti- 
cally sealed unit (40) included in the contents and 
formed at the second sealing level. 
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Description 



BACKGROUND OF THE INVENTION c ' " -v. :• rs ; : **» « i(t r • 

5 1 . Field of the Invention ,• >• - ••- ... , 

[0001] The present invention relates to an endoscope whose contents will resist' hig^ 

steam given off during autoclaving so as not tb be de&fby^d or deteriorated ■ ■ arid whose insertion uhit-Has^to^plrfJ 
to 2 ^Description of the Related Art ' "-^ **• ^ 4r ^ 5 ' J ' ••• : - * 

[0002] Endoscopes having an ihsiertibn unit thereof 

medical treatments to be, if necessary, conducted using a treatment appliance 7 have' beSff wideiy-use^ 

medicine; V.'JJUO. i* i« V.il:-^ : v >>: J :V^- W<^x\cn V- jtWt ^r^W-''' ij.'hi! .^iC ' ft V ,«9VS ! ; 'CiO) 

75 [Otifti^i^ medical (^u8iSs*"disinfe^ st#ilm^^^ 

pfi^^ngii^ecrtiousy 

to disirtfect and sterilize a used endoscope in the past ' ■< ^ ^ ^ ^ - • so^a 4 *^ 

[0004] .'Mbwever; sterilization gases are; as already knbw^, quite tofi^^ 

feet because it must be carried out safely. Moreover, adverse effects of a sterilization gas on an environmer#are in 
20 question /Since it ^takesWubft tin^ a'sler* 

ilized endoscope cannbt b^ us^ irtime^ of 'a -high" ruhrijhg cosfe> ! * 

j [0005]^ teriWei^ 

pdsSbf atiisihf^ -vu^r--- , -:^-v..^^r^u,'S,'< 

[0006] Autoclaving has become a mainstream of disinfection and sterilization of endoscopic equipment these days: 
25 This is b^aus# autodavlng does no^equite" time^ebn^umirig w6H<V makie^ imrheaiately 
aft&rfeutddf^ing^&rid costs a( -Utti ^^fdi^f unrii rig. ^ ^ r ^ ! ;^.v-.<v~ ■■> »•» ™sy ~- 

[0007] Typ^ asthie ANSI/AAMI ST37-1 992 acKnowie&g&l 5 bjRHei^hteriban 

National Standards Institute and issued by the Association for the Advancement^ 

ditibhs d&firi^that pf^^ Should be performed ^t : ^^G 4 'hT^(^^\f&es arrcl Ifiaf gravrt^YP^ 

30 autbclaVfrig ^HbQld#WpWr^rmed^t 1£2*©if6rSeft'^ at which autoclaving if acfutll/pef 1 ' 

fbrmfed rartg^irbm 1 1^C^to^40^Gin ^eheralf - ^ — ^ ^ i&mr^ .ndefa' <aixi 

[0008] A typical process of pre-vacuum type autoclaving includes a pre-vacuum step, a sterilization step, arid^a drying 
stefeK/tt-the pf^ sterilization chamb^r^in which medical ^uiprae^ deMSJm^ 

pressed fe^eihiibif n^ative pressure 
35 tHe^eriliz^ion^tembei^fbf^ 

to dry a sterilized endoscope. ^no^bna ^ *y^ ivn -u 

[0009] • Thb^pr^-vacuum^tep d is a step Intehld^ tb^facilit^^ the minute SfDaces in medjcal 

equipment which is performed at the sterilization step. T^ 

sure high-temper^ peri'etfates the^whble bf th%'-stow6d' 'ifi^iib^^^luiisfWent^ tK^^r^sure in tHe^erilizatioh 

40 chamb^'tb l b(elattaihecl at'the p^vacutirf^ step -is calculated a^?an*ltmbs^Ker^ 

or^.VThepr^^pijum ethyienfe t»cide gaisfTHepr^sufe 

j to be attained at y the stisrilizatibhistep'is dftert ^t \i^iuetcalcuiit^ afe 

[001 0]> f In generalnendoscoipes ^hdve a soft ihsertion- unit or are of a behdabletype having a behdable part In this case 

an armor tube made of a soft polymeric friatenainsuch elastdmW^is^§^ } M a 

45 insertion uhit^rbWnd^le^ 
' entirely watertight^' 1 ^ - '^t^- '^P .-.■^■> .y;o vx ^ ■ ■ - -\ - <-v^^ -^r- T«m;^. 

[001 1] ; ,lj When a watertight fehd^ 

such as the pre-vacuum step. Otherwise, a joint of parts may not fail to resist a difference 1 ih^ressure 
ribband eft§rw " °° 4 ° r,rv ' 

50 [001 i2| - ' ^ Model Publication No. ? 1 -1 2802 has disclosed 

ah rntehbr-iektehor cbmrrtunication d^vice for airtight eridbscopes^ f ' ru>- v> e - > :i « * '"' ■ > * 

[001 3] ^ Acdorciing to th^ utility rnodel, wheh^proe^ including a pi%-viaicuum step is adopted) 

an airtightness release cap is attached to the interior-exterior communication device, which isiocated oh the" outer wall 
offer* endoscope,; at^ is inf iKaeS'ld Sllow -thelhtSrhal S|Skc$ of ; Wer^os''ccp§ <6r inotfitr 

55 wordsrthelntenor^ tb communicate' with^the nexteribr of the ehdosedp^fb^ pfeventirig a burst of a 

bghdabl^lf mbr-tub'e^of 'a bSnclabrS part; "^r-y\ -^.x>4 ..-x- ■ ■ ^ 

[0014] '-Moreov^apartese 5 Unexamined -Patent Publication No. 63^31 5024 "describes ah endoscope* structured S(b 
that 5 a communication path formed in part of the outer wall of the endoscope is blocked Using a waterproof cap; Th r 6 
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2£?J!T .I 8 ' 5 " •l"***** is """"I* *» I""" and extorter of an endoscope are allowed to eommu- 
s Sjl 2? ^ " i "'-l» es »" e hl 9 h-,entoerato,e steam is actively invaded into L ££we 

topi ej dn efforts to cope with the problem. Japanese Examined Patent Publication No. 4-67445 has disclosed an int^r 
nal pressure adjustment device for airtight endoscopes. The internal pressure adjust ^S2?2SSS'3S 
mechanism located on a housing of an endoscope. The non-return valve mechanism pmSSoS^^Z^Z 

Sse l wC^,^ n ^ SC0Pe may : ndUde memb6rs made of a ■Pdymeric. *»terial such as a plastic or rubber In 

so ^USi^^^Sf ^ Plication No. 4-67445 has disclosed an endoscope having a non-retum 
thi LSf ^ u endoscope is an endoscope with a bending ability whose insertion unrt has abendable oart 
the^bendable. part .s sheathed with an armor tube made of a polymeric material such as a Stt rubber J eS^mA ' 

JL",J3 used as a sealing member for sealing an axis of rotation ofabending lever used to bend the bendable 

Kic ^ Urthermo ; e ' a mu't'-component glass that can be machined readily is a lens glass widely used as the foreao 
high-temperature Sn ^Sct^oe "* ** 8h ° rt *• hinder invasion of high-pressure 
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[0028] Under the foregoing conditions for autoclaving, high -pressure high-temperature steam permeates through a 
layer of a hardened adhesive whose major component is'Spdi^menc' matenalfsucn as.^a' generally ^Sbptklepoxy 
adfiesi^'brsHicor^ '< «wko<r,r.x ,> n&v*- * j 

[0029] Moreover, the strength of a joint secured with the. above adhesiye is not so high i as ^;tna't of a joint s^curecl by 
5 performing welding. When parts made of Sfle^ ete^f&ai im&taf and gfe^ are p 

sive the coeff ibi^ht of thermal expansion Wheathe parts change due to heiat during autoclav- 

ing f the joint of the parts is stressed. 

[0030] In consideration of tjfiWfb^ a 1 fi^l^dsaSpe havihg a ngib insertion unit has, as;descnbed 

in Japanese Unexamined Parent Publication Na §-265046, a^ in : 'a^ 
w of parte cbhstikrting alioijy ir^ of the endos^pe, witliblrt a gap by ^elfdrming soldering fit housing ^fucture serving as 
the housing of the endoscope is thus sealed hermetically. ■ 

[0031] Hdweverrin the case of arf endoscope whbseihsertioh' unit has a bendable p^rt of whrae insertiprrunrt is at 
least partly soft, a member made of a polymeric material is used ^ a} Jeasyte^^afrw^ 

if only the distal part of the insertion unif haUmerntJ^ fterm^t^H^Sie' wh§l1e*of irte riousing'df the endo- 

scope cannot be sealed fully hermetically. * ■. ^ ^ _ 
[0032] In other words, the endoscope whose housing can be sealed hermetically as described in tjne'Jap|nese Unex- 
amined Patent Publication No.- 9-265047 is: HnVtMtbYig^ th#bendihg ability arid making it pos- 
sible to make an insertion unit thereof using a metal or ceramic 

20 suMMAjwtJF^ ;;- v /;:;; u ; \ ; ; ;; v* ; " ■ 

) [0033] An object of the present invention is to provide an endoscope capable of producing a highrquality view and 
resisting high-pressure high-temperature steam!' Specifically, during autoclaving, high-pressure high-temperature 
steam may permeate through an armor tube made of a polymeric material and used to outline at least part of ah inser- 
ts tiori "unit, and invade into the interior of trie endoscope. Nevertheless, it can be'pre^erited that the invading steam fogs 
an optical system to ^ f ! 

[0034] Another object of the present invention is to provide an endoscope that will not offer a field of view narrowed 
dlMfc*k A d&$fM& ppliraVs^ 'carf b£ ^f&errted tHatnigh-pr^ higrf-terrpfenSture 

steam invades into an optical system in , the endoscope during autoclaving ^ 
30 [6ois\ r ^ Stiii'anb^'er b^ed^ tHe prSserii irfoention isfefrrbMdielM-^ 

caliy, it is prevented that incident light reflects from a coating covering the outer circumference of an optical member to 

cause flare. . j'.^ 

[0036] The invention is defined in claim 1 . Particular embodiments of the invention aril set biftin'fo^ (Claims 

35 [0037] Briefly, an Snio»:ope capable 'of 'befritf atitdciav&d irV aixbr^an^e^ith the jxi^ent ihv^bh'iriciudes ah'inser- 
tion unit, an internal endoscope space, and contents. The insertion upit jias Ofiacje of a OTft pol- 

ymeric material, as at least part of a casing thereof. The interhdl eWdb^ 

insertion unit whjch is^f prm^ at a first : pealing, level at which the i^^^ exterior. 
The contents arelbrrM^ In the internal ehdo- 

40 scope space, the contents include at leSstorie Merm^ b^ jbiriing the airtight partition members 

using an airtight joining means, and thu§ formed at a second sealing level higher than the first sealing level. 

BRIEFbESCRIPTION OF^ THE DRAWINC3S ' ' : > *° "' ' ;' il ' 3i ''?''*' : ; ^ " 



FIG. 1 to Fl<3: 1 d; relate to a f irst embbdirhlSiit of the; present iftyentibn; 

FIG;' 'i' is ah explanatory diagram cbric(ernin^ aH eiedibnib i^dbscofJe; ; f 

FI<G'. 2* i's a cro^-sebiionai view foFS^idlnlng Wtru^ure <pf a'TOn-re^rri 'N^lve' cap; ^ 
so FIG. 3. is a longitudinal sectional view for explaining the structure of the distal part of the electronic endoscope arid 
its neighborhood; 

FIG. 4 is a longitudinal sectional view for explaining the structure of an imaging unit; 
FIG,5Aissfn^ 

FIG. 5B is an diagram cbncefning a fhetej cbatinjg jf^med 6n ja 'feck-iend ' cover glass; 

55 FIG 6 is an ^planatpfy bhdgrari concerning the distal cbver glass covered with the rrietal coating having a low 
reflectance layer; 

FIG. 7 is an explanatpry.diagram.con metal coating formed on the outer surface of an isolating framed 

FIG 8A is a sectional r view showing a proximal cover giaiss hermetically united' with the isolating frame' 
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FJCx 8B is an enlargkl view for explaining the aiftigW 

FIG. 9 is an explanatory diagram concerning a procedure of assembling lenses to produce an objective unit 
i nclud ed in an imaging. unit; , . v 

FIG. 10 is an explanatory diagram concerning a hermetically sealed objective unit; 
5 FIG. 11 is an explanatory diagram concerning a procedure of assembling lenses to produce an objective unit 

included in an imaging unit; ' _ v r 

FIG. 12 is ap explanatory diagram concerning ^r^ an engagement portion of a frame; 

FIG. 13 is an explanatory diagram concerning an imaging unit having another structure; 

FIC3. 14 is a sectional view for explaining a beam narrowing mask created on the proximal surface of the distal cover 
io glass; ' ; \ ■ y - ' " ' *wh'^ yK:r* ■ . ........... 

FIG. 15 is a perspective view of the distal coyer glass for explaining the beam narrowing mask created on the prox- \ 
imal surface of the distal cover glass; ■ . ; % \- 

FIG - 1 6 and F| G- 1 7 relate to a second embodiment of the present invention; '\ . / ■ ' ' 

FIG. 16 is a longitudinal sectional view for explaining the structure of the distal part of an electronic endoscope and 
75 . its neighborhood;,. y V:;i , it , \ - ( -\-" y \ " 4,u Vrw "- r • 

FIG. 17 is a longitudinal sectional view for explaining the structure of an imaging unit; 

FIG; 18 shows the electronic endoscope having a device frame and HIC frame linked by a relay cable; 

FIG. 19 is an explanatory diagram for detailing the device frame! HIC frame, arid r^ay cabie; 

FIG. 20 shows an electronic endoscope having a device frame and substrate frame linked by a relay cable;, , 
2d FIG. 21 is a longitudinal sectional view for explaining the structure of a light guide connector; 

F^lf^ r . isk ^ ec^i.prtal view for explaining the structure of a switch unit;. 

FIG. 23 to FIG. 25 relate to a third embodiment of the present invention; A " ■ 

FIG. 23 is an explanatory diagram concerning the conf iguration of an endoscope; 

FIG. 24 is a longitudinal sectional view for explaining the structure of the distal part of the endoscope and its neigh- 
borhood; ; \ " "•'W- 1 ' 

25 : is a longitudinal sectional view for explaining the structure of an eyepiece unit of the endoscope;. 
FIG. 26 is an explanatory diagram concerning another joined state of an objective frame and image guide fiber 
frame;' ' :} • • '• . ;r -v:- -; 

FIG - 27,53 longitudinal sectional view for explaining another structure of the distal part of an endoscope and its 
30 neighborhood; • ! \ -.. 

FIG. 28 is an explanatory diagram concerning an image output end of an image guide fiber bundle to which a mask 
deposition cover glass is fixed; . , r . ^ 

FIG. 29 is a perspective view for explaining the mask deposition cover glass; and ° 



25 borhood; 



DESCRIPTION OF THE PREFERRED EMBODIMENTS ^ ' ' 7 '! ^ T r 

[0039] Referring to FIG. 1 to FIG r 10, a fir^ embodiment of the present invention will be described Below. 

[0040] As shown in FIG. 1. an electronic endoscope 1 of this embodiment consists mainly of an insertion unit 2 an 

40 operation unit 3, and a universal cord 4. The insertion unit 2 has a solid-state imaging device, for example, a charge- 
coupled device (CCD) incorporated in the distal part thereof, trie operation unit S is coupled to the proximal end of the 
insertion unit 2, and held by an observer to be manipulated in various manners. The universal cord 4 extends from the 
operation unit 3. A connector unit 5 is attached to the other end of the uhiversarcord 4; The connector unit 5 is con- 
nected to a light source apparatus that is not shown and a camera control unit (hereinafter abbreviated to a CCU) that 

45 is not shown, * 

[0041] A light guide connector 6 is connect^ to the light source apparatus, and a camera connector 7 is connected 
to the CCU. Moreover, the internal spaces of the insertion unit 2, operation unit 3, universal cord 4, and connector unit 
5 communicate with one another In other words, the internal spaces constitute one internal endoscope space (or sim- 
ply <an internaL space) inside a housing of the endoscope. 

so [0042] The insertion unit 2 consists of a distal part 8. a bendable part 9 that can be bent freely, and a flexible tube 10 
having flexibility. ' v: ; --- 

[0043] The operation unit 3 has a bending lever 1 1 , a treatment appliance insertion port 1 2, and a plurality of switches 
13. The bending lever 1 1 is used to control the movements of the bendable part 9. The treatment appliance insertion 
port 12 is a port through which a treatment appliance such as forceps is inserted. The switches 13 are used to freeze 
55 or release an image. The bending lever 11 can be rotated freely and mounted together with an 6 ring which is not 
shown , in order to attain watertightness. 

[0044] The camera connector 7 has a vent 14 through which the internal space is ventilated with outside air. A water- 
proof cap 1 5 can be attached or detached to or from the camera corinecfer.7. The waterproof cap 15 is attached to the 
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the endoscope 1 with respect to the endoscope housing or the internal space and exterior thereof communicate with 
each 'other: 

5 [0045] The waterproof cap 15 is attached to the camera cphnectpr 7 in order to clean the used endoscope 1 or 
immerse it in a fluid agent. The waterproof cap 15 seals the internal space of the endoscope i in a watertight manner 
for fear thiat a fluid may invade into the internal space thereof during cleaning under running water or immerapn i jn a 
fluid agent. A non-return valve cap 20 having the capability of a non-return valve can also be attached, or detacHed to 
or ffomtife 1 ^ permits passage of gas from the; internal spiace of ah 

10 endoscope to the e^erior therepflD gas ?rom1fte : ^erior l of the^end^'dbp^ to the interior. thereof: 

[0046] As shown in FIG 2 V the nqri^e^ of a non-return valve bap body ?2 ; a valve Bod^ 24, 

a spring 25/ an attachment ppH'bh 26; ^ 27: the nqn-r^tiiirW Vif!v& cap Body 22;' has;V yaj^e] §|at 

2f'ahd is'rrads ; Wpfore^ member 23 uni^ 

made of D for example, a metal. The spring 25 constrains the valve bod$r 24 r to move towaVds the valve seat 21 The 

15 attachment portion 26 is attached to the camera connector 7 and made bK foPexarhple, a metal. When the attachment 
portion ^ 7r%e' se^fih^m^Ber 27 hiade of , for example; af rubber sustains the 

wateWghtn&s^ 26 and the outercircumference of 

this camerart " y ' 1 "''" x i 'J 

[0047] For aiAbclaving the Endoscope 1 , the hoh^eturn valve cap 20 father than the waterproof fcap 1 5 lis attached to 
20 the camera bdhriectBr 7 Efy attaching the non-return valve cap 20, high pressure high-temperature steam giy^noff dur- 
ing autoclaving is hindered from invading through the yenj ; 1^ ! '' ; c \' :y>:v ; ; • > 

[0048] * A constraining f6"r^ is ^eUp'a'mdgnitu member 23 to 

meet closely the valve s'eait 2 1 under the condition that: the valve body 241s c&n&trairi^^^ 

21 in a normal-state in which the non-return valvre'cap 20 is attached to the camera connector 7. Moreover, the magni- 
25 tude of force allows the valve bbd^Wtb' ^ iito moVe towards the valve seat 21 at a 

decompression step included in a process of autoclaving. ... 
[0049] As long as the internal pressure of the internal space of the endoscope 1 does not exc;Sld "ain atmosj^rjc 
pressure; dr iWpthe^r words; in^ nprrrMf use situation, the internal space of the endds^^l is retained at the first seal- 
ing ievel by att^chiri^ the noh-retufn valve cap 20. At this time, the first sealing level ^ attained relative to^utsiB^air; 
30 For cleaning the endoscope 1 of imfriWsing it in a fluid a^eht, the nonreturn Vai\fe ge^ 20 rather tha!h the waterproof 
cap 15 may be attached. * V ^ \ ' I . \ \ 

[0050] • Asshp^ unit 17 serving as ah pbsfemhg means and image transmitting means ancTa 



35 ■ • and bor^ed and fix^d to the distal body 16 using an adhesive. _ _ . ^ st f^. 

[OCfei ] A distal cdvei' riHeitiber 31 i&' motinifed on th e outer Cifclimf^ distal Bd<5y 16. A firsf bending piece 

32a is located at the foremost pSsrtidh ar^ the first 

be^(hg-pTece ^a is cq^ed tol^ mehiber 31 by a rivet 33 so ; that the f irst bending 

piece 32a can pivot freely. The plurality of bending pieces 32 is cohcate(hated to the proximal end of the first bending 
40 piece 32a by the rivets 33 so that they can pivot freely. The outer circumferences of the bending pieces 32 are sheathed 
with a metallic mieshed tube 34 and ah armor tube 35. The armor tiiBe 35 is rriWd e of a polymeric material such as a 
rubber or elastomer having flexibility rubber. ■ - ■ "' l v _ 

[0052] A range 28? covered by the imaging unit 17 corresponds to the length of a distal rigid part arid falls within a 
distal rigid length distal to the? rivet 33 ^ located at the fofempst position that is a range 29 " ; ; " ' ' 

45 [0053] -A!s sKowrf in FIG'. 47^ dist^xover ^lai^s 36 forming art optical wihSbw of an observing means is ihclucieB'as 
part of the casing of the insertion unit 2 (in this embodiment, part of the distal surface) and placed at th e tip of 'the imag- 
mg unit 17. ; 

[0054] The dismal ddyer glabs ^5 is meide of sapphire thiat is highly strpng, rfesisti^e to high : pressure High^empferature 
steiam. aj^ rp^e ii^an 

so coating that is^ohe kind of surface^finishing is performed on the outer circumference of the distal cover glass 36 The 
distaPcciver g^a^ 36 ^^i;meti<^riy locked inside the inner circumference 6f a metallic distal frame 37 without a gap 
using %iafa 37 is ah airtight partition hiembfer resistive to high-te^p^i^ure 

steam The airtight joining means enkbles highly strong joining but does hot deteriorate even when exposed to steam 
Depending oh how to design an opt^ system; a lens may be used as the optical window insteiad of the cover glass 

55 The distal frame 37 is made Of a stainless steel brcdvar 

[0055] A plate layer is formed bh the internal circumference of the distal frame 37 by performing, for example; elec- 
troplating. The plate layer is composed of c for Example, a lower layer of a nickel plate layer and an upper layer of a gold 
pfate layer. r 
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tk ? " S fr^^^a^^ting a groyp of objectives 38 is mounted at the proximal end of the d.stal cover 

SXt iESlSSoleiffir 1 1 ^'P °< ^icaUenses and forms an image of an objectJlSeS 
frame 39 is bonded and fixed to the distal part of an isolating frame 41 serving as an airtight partition member resistive 
to^ressu^e h-gh-temperature steam and made of an insulating material such as ceramic. The isSng f ame\i 
<s made of one of ceram 1C s exh.b,t,ng a high coefficient of thermal conductivity and being strong tb'tt,erma7sh jk More- 
ove^an aperture stop plate 42 is bonded and fbced to the interna, circumference of the proximal S^Sg 

[0057] A CCp 43 is a solid-state jmaging device on which an object image formed by the group of objectives 38 is 
projected. The CCD 43 is posted using a reticle or the hke. and bonded and f jxed'tp a ^imSr|S 
- of sapphire or a glass resistive to high-pressure high-temperature steam. The proximal cover glass 44 is a kind of opti- 
cal w.ndow opposed to the proximal surface of the group of objectives 38. In the present embodiment a CCD cover 
glass 45 ,s placed, on the front surface.of an imaging chip of the CCD 43. A lens included in a group of l enses 46 Is op- 
tioned,, and bonded and fixed to the distal surface of the proximal cover glass 44 P 

ilS?^I he H U ! e > circumference and chamfers ° f ^e proximal cover glass 44 have undergone the same surface fin- 
.sh.ng as the distal cover glass 36. The proximal cover glass 44 is hermetically locked in a frame body 47 Sed w "h 
arnetalhc member, which .s an airtight partition member resistive to high-pressure high-temperature steam u£ Tan 
^^ng means that will bedescribed late, There isa gap between th e outer circLere^ 
tMif'W C,r ^ ,e r Ce ol^S™™ bod y «7, The gap is intended to prevent the frame body 47 from streS 
the joined surfaces of the lenses when the frame body 47 and group of lenses 46 exhibiting differenUoeSte ofS 
mal expansion thermally expand due to heating occurring during autociaving ^a'nerentcoeff.c.entsofther- 

5, M i 5 * 3 . 1 part of * he frame body 47 ; and the proximal part of the isolating frame 41 are hermetically joined 
using an airtight joining means. The frame body 47 is, like the distal frame 37, made of stainless steel o Tovar Tne 

[0060] Moreover, when a gap between each pair of the distal cover glass 36 and distal frame 37 the distal frame 37 
ScZ™ 

E ^r^n i, here j S ^ aP „° f 3 P T er dimenSi ° n between the proximal cover 9 ,ass 44 and frame body 47. 
SfSL ™ ^ electrically coupled to a cable 49 via substrates 48. Electronic parts including ICs and capaci- 

[006?] The CCD 43 and others are enclosed in a first shielding frame 51 made of a metal, the first shieldino frame 
I J^T^r^ ° n th6 ° UtSr circumfere ™* * t"e frame body 47 by performing bonding , or Elding Zeover 
ingTn^ 

SSfSL f^ aCe by 1,16 firS ^ ^ hieldin 5 * ram!? 51 • 6CD 43 - and P™™ 1 cover glass 44 is filled with a filler 53 

mn« S ,S 3n adh6S1Ve ' sea,ant or a pottin 9 material that is l«s permeable to steam : 
; h ?oiH-n Moreo ^ r ' an adhe ^ ve 54 is Ejected to the surroundings of the portion of the cable 49 lying in the second 

55 aS™^ iT 6r f rCUmference of the second Yielding frame 52 is sheathed with the^n^le tubes 
5Japd 56 made of, for example, a fluorocarbon resin less permeable to steam . , . e«uues 

[0066] When members are bonded tp each other using an adhesive that is not shown, the adhesive may readilv or 
hardly peel off dur.ng autociaving depending on the material made into the members 3 ™ ve may ^ or 

[0068] By contrast, when identical members, for example, metallic members are bonded and fixed usina an adhesive 

Zo '„ W " T Peel ° ff - M ° reWer - 3 P0rtion filled with an adh ^ive hardly undergoes a stress^ .stem 

SSn, «£ ^ST. m T' enX ° f therma ' eXP30Sipn - The adhesive therefore h^dly peels off or cracks 

[0069] In the present embodiment, consideration is taken into the foregoing facts. When members constitute a nor 

mal ZZT * 10 inV T n ° f StGam ^ be S6CUred USi "9 3n 3dhesive having £e2me coeff 2 tof the -" 

^ a 'X r ° r me T PerS Wh ° Se Efficients of thermal expansion has a small difference are bonS^SK, 
eacf^eTu?.nganadl^e^^ 

uoVoi P ? S 0ff Even joinin 9 usi "9 an ad hesive can therefore suppress permeation of steam ^ 

0b71 E, met f c ? a t«n^and airtight joining will be described with reference to FIG. SA to FlIT ' 
fsaJ th» hS r 3 9 performed as Wee finishing in order to form a first metal coating 61 over the lateral surface 
fass 44 shtn in^S ^ F,G " 5A a " d ^ 44a and chamfers 44b of the pSaTfi; 
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[0072] The first metal coating 61 is composed of a chromium layer 62, a nickel layer 63, and a gold layer 64. The chrb- 
miurri layer 62 isla lowerfhbst layer formed as a metallized layer.^The nickel layer 63 isthe se*cbri3 ^i^^^vn^m^- 1 
6\0^iyetrW&fQ6U' layer 64 is sin uppermost layer and serves" as a jbirif layer. The layers rare produbed by perfbrmih'g 
deposition, spattering? or plati y: '''; V " K 1 

5 [0073] Furthermore/as shown in FIG 6 the lowermost layer of the distal coyer glass 36 may be a chrbmium oxide 
(Cr^Oa) layer 65 that is a low Reflectance layer Rays reaching the 1 chromium oxide layer v 65 tfiafis^flie ibW^ertance 
layer formed on the outer circurrHkenbe of the cover glass 36 will Harcliy tie reflected. Cohsequehtly, bc^urrenba of f (lire? 
br the like can be p^ ; v - or 

[0074] When the chromium oxide layer 65 is formed, the nickel layer 63 and gold layer 64 are; as illustrated; overlaid 

10 thfe chrbmidr^ oxide laye^6 is> realized Otherwise the chrbmium layer 62, nickel la^er 

63, arid gbldMayer 64-may-be 'bv^ layer 134; thCis reaiizihg^the first metal boating 61 \ Moreover? 

the lowermost layer of the prokimal cover glass 44 may be thfe chrbmium-bw that is ( the low ref l^ahceiayer: 

Even in this^base; the same operation and advantage as those mentioned above ban be^ iex^rted^v^' Y l 1 I^hp 
[0075] ? For a low reflebtance trie 5 lateral surfaces 36a and 44a of the cover glasses 36 arid 44 

is mstyWjtolisri^ 

roughness (P\0 thereof will b e a ny of 2 tb5 jim The surfaces are thetf finished as ! mentioned above. • " - 
[0076] If the lateral surfaces" 36a and 44^ were finish^ like a'mirra be reflected frbrri thesurfaices 

but also a degree f of closeness ait whic^^^ layers of the bating afe meetiri^ If the roughness of a 

surface were too high, it would become hard tb reW Th^de^'e^dflsld^e^ 

20 nessatwhibh the layers?bf the cbatihg^are meeting - r ; rsv: - n v ! ; iiV 

[0077] 1 By the way, as shown in FIG. 7, ^ second Vrietaj cb&ti^ the? outer surface 41aMf : tfiS isolating 

} frame 41 engaging with f the distal fr^ 41b of the isolating ^ 

• body47. • -v***^ /° " - ; •" rr " .' * u _ * ^ "«t« u - ty;'^' ;/' • 

[0078] ^ Tr^secdhd m^ surfaces 41^ and 41b are cbrrpbsed of a nickel layer 67 that is "S 

25 lower layef of ¥^ uppermost layer. The layefsarefbrm 

deposition br r sp^tterihg in a va^^ ' i W • i; " ^ k 

[0079] The outer surfaces 41§ irid 41b are hot be finished using a conductive materia are hot be 

finished Using a conductive material , too. f hexlistal frame 37 to be attached in contact with thef outbf surface; 41 a and 
the frame body 47 to be attach^ in cbnti^ 41b are therefore electrically 

30 omm^ : : -< ■■■• *~-*y* •■• ■-• ' - : • • . w • ' ' • - : ; *&»v 

[0080]' Referring to FIG: 8i a description will be made bf airtight joining of th§ frame body 47 and proximal cover glass 

[0081]' As shown in FIG, 8Ay the de^ in the frame body 47 in which the proximal ebverglass 44 is 

Ibcl^ is s^t tb^a valued other wbrds; x/ bri@ f surifecd of the 

35 proximal cover glass 44 juts bevond the e 

[0082] As shown in FIG. 8B, the lateral surface 44a bf the proximal bbverg bftfre 
recess 47alarenjbined herrnetically between theni ihd the edges 

thereof At tHistime^a fillet 7i havihg a sl^stahtially triar^ular-sect^ 

47-beybhd which the proxirn^i cover ^ proximal cover gla£s 44 located'at isi v 

40 cOfherbftriere^ When* the* sections of th& fillers 7f 

have a desired shape, the brazing filler metal or solder has been injected unintermittentiy into the gap between the lat- 
) eral stTrface' 44a of thepfcbdrfial cdver gla^ 

ing is cornpletfed: Iri the present emb(^imeht; it can be visually checked whether the fillets -71 have been shaped 

precisely]--' ^ w ..... - — :Ai 7 - . ■ -t • ,^ - -s— ■■• ■ , • 

45 [0083] When flax is used for soldering or brazing, the frame body 47 and cover glass 44 must be cleaned while being 

joined in order to prevent corrosion of ametail 

[0084] The soldered or bfazed pbrtibnsltJb '-1^ > MdW : a ; livifigrbGid^ Any solder or brazing filler metal can thef efbre be 
selected for user However; preferably, ah allby of • gold arid tin or a gold allbyis used as a solder or -brazing filler metal; 
Theuppermost layerof -the pla^ 47 and that of the rnetal coating formed dh th'§'c6>irerglaiss 

50 44 are gold l^yer§/ The plating arfcl metal coating closely : rrieet th^f alloy of gold arid tin bf the gold alloy? 1 • ^ ^ 
[0085] Referring to FIG. 9 and FIG. 10, a procedure of assembling the cfcmpbrierits of the^ifftagin^^uriit^^'will be 
described below ' 1 ' K ' A 

[00&S] < u Referring -id ¥\G: ; 9, a prbcedure of assembling the components of ari % objective 'unit included in the imaging 
uriitH7 will Bedesbribed briefly^ ' ^ r v ^ e-^ ! > - :■ 

55 [0087] Th§ GCD 43 is bonded arid fixed to the proximal end of the proximal cover glass 44, which is hermetically 
locked in the frame body 47, using a transparent adhesive 72 in such a manner that no air layer will be preseritr At this 
time? the center axis of the COD 43 is aligned with that 6f the proximal cover glass 44. The isolating frame 41 and^the 
frame body 47 iri which the proximal cover glass 44 is locked are then joined hermetically: thereafter, the lens frame 39 
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oi t Z ?£Z5& ?H ? J t! 38 IS mSerted int ° thS iSO,ating frame 41 ■ The ,ens frama 39 is slid along the optica, axis 
of the group of objectives. The group of objectives 38 is focused on the CCD 43 When the grouo of obieSSSw 
come .nto focus, the lens frame 39 is fixed to the isolating frame 41 using an adhere ThereaSr £S 

in a W h e C r^t e ,f " 7* f SS 36 is hermetica »* «od«d and the iso.ating'frame 41 ar ^v^^sTel!* 
■n a hermetically sealed objective unit 40 shown in FIG. 10 having the whole group of objectives 38 heScalv sealed 
Reference numeral 73 denotes an airtight joint realized with a solder or brazing filler metal hermet,ca,, y sea,ed - 

o K2 m 1° be9in l T'Jl diSta ' 9 ' aSS 36 having 8 metal coatin 9 formed ° n lateral surface 36a thereof is 
A^Uh^ * th f d ' Stal ftame 37 th3t iS Plated ,n «" state ' laser "8W is irradiated in the direction oTSo^ 

^ , c,r ^ mfer ^V ce of distal frame 37 in which the distal cover glass 36 is looted: 
t£2L? g0 ' d J ayer 4 64 c ° ated over the lateral s^ace 36a of the distal cover glass 36 and the gold layer coated over 

5. ? k C ; rCumfe u renCe ° f thS diStal COVer glass 36 and the inner circumference of ihe dfeSfraWe 37 

■"EST! r T J—" th6m - ln Sh ° rt ' the diSta ' COver 9,ass 36 and dis,al frama 37 are joined h^me caTly 
[0091 ] A laser for .rrad.at.ng laser light is preferably a YAG laser whose power is low and can be f ine^adiuTtM Moro 

s ^lt .**«■ axes •»! aligned with each other. The portions to which the JSSS^SSi II out 
ta*d ml^TUr? - 5 en9a9e<i * e lsoteans 41 «° »"* h •» Wtur. stop plate 42 is 

using laser light Moreover^ the" amf bSv 47?nd nr ? ** **! " W ^^ preliminarily 

eover. tne frame body 47 and prox.mal cover glass 44 are joined hermetically without a gap 
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between them using a solder or brazing filler metal. This results in the hermetically sealed objective unit 4Q that is a her- 
metically scaled 'unit sealed at a degree of sealing (hereinafter riefer^ as a second sealing i^iycff^ftfr . 
not invade into 1 the uriit during autoclaving. The hermetically seal^ 

is 'one df4h«'feohtents of th'e endoscope " 7 7 

s [01 00] The hermetically sealed objective unit 40 is realized by unitedly joining' airtight partition! miemberS u^ihg an afr- 
tight joining- means Herein, th£ airtight partition 4 members' are characteristic of offering a vacuum, knB used to realize 
the distal 1 bover g11£&'3E^ frame %i» frame body 47/ and proximal cover igiass 44 ''The airtight 
jdming^^^ 

therefore so pressure-resistant and strong as to resist decompression and pr^ 
10 as' well af% ; tem|>efaW 

meric 'material ^^irivadesiht6 irMernal s^^ dun be prevented that the steam invades into 

the fierifWtiW unit 46 tKaf is sealed at the second sealing level;' h 1 { ^ ' n 5 ^ yf 

l&iiyif ! jvior^vef?the'GCr^4 

a manner that no « ' ' " 1 " ±l ~ ---^-^^ u ~^ * r_t.,v^~,^ 

15 tive ! ffnit ^4d/Sncl 

optical bath from the di^alc^^ giasV 36: which served 1 as 'an optical window bared^bn the distal surface of th£ ehdb- 





sealed 7 h4rmeticaliy together witrY%e obje^ fiftdfrotiWe^ unit can v therefore 1 b% 

20 designed compactly. • . ' „ \ '" * ;< 

[0102] The -electronic piart£ including- the" solid-state imaging device are somewhat resistive to c steam unlike optical 
members on which condensation or any other obstacle to observation occurs due to even little invading steam!*/; ;~ ■ 
[6i03f Moreover; ^ mountepi 
oh the frame body 47 using an adhesive or by peHorming welding. The second shielding frame 52 is mounted on the' 
25 f irst shielding fra^ 

CCD 43, and proximal cover glass 44 is filled with the filler 53 such as an adhesiv^a^ealam 

are lesspfermeable fo'steafn:;^ Fs-lnject^ tb;the of th^ portion of th e cable 49 




cally, 

30 not to be destroyed: Ow1%td^ 

a MTm'etic^hriecto^ , employed' irrthe* second erril^iment* Besides, 'the imaging -unit can be designed compactly. 
[0104] By the way, an illumination } opticaf ; s^^ if-r^'sial^d hi^ 

denses l^ttli'dri anlllumirMioh^fen ijlumihatibn W come to 

light: iiSling^f^ellluM cbmpdr^ri^-usin 

35 sive as adopted in the present embodiment. - ... 1 '^f^! 

[0i0£>] ^By-adbptjhg trVeWucture^H^n iri Fl GPf 1 , the 'center Iwis^f th^^C@D 43 c&RlieTSadily alighed'with that of 
the group of obj#ive^-- l?i; :'A '^au yi ***** rtcorfte so ai> - 5 ;^f* 

[01 66] >>y ^2pr8ihg ife "tfi'tpf&M'lBm^ tfiecenfer 
that of the fedb^ in 45 is closest ixidlo flfiS'SQESMB^^ 

40 siv^2wthb^ " 1V " 4 "° v: < "' ? ' rnr :V '- Hi> ' Q ' :: """- UlQ ^ u °" f? ^ , " u ' ,r, ';"- > ^ ^J.^"' 

[01 07] The proximal cover glass 44 is locked hermetically 1 in the engagement portion 47ti of the frame bbdy 47/ which 
is -formed ^m ? end thereof: rather than in the end portionof the frame body 47. - ! ' " ;J /' : - 
[0108] The CCD cover glass 45 is inserted into the engagementpoftiqn'^^ 

glass ^4 and CCD cover^glass 45 are^theh dosely fixed tofesfch^her ^"appiyihg ffl without 
45 creating affair layer ' ; ° am r " IX ' ' 

[6i()9] At this time: the cent ef axis bf tffe objectives 38 is aligiied wfth that of the frame body 47 bwiri^ to 

the structure, the center axis of the CCD 43 can be aligned readily with that of thW ^rou]>Sf bBjefctives : 38r ^ / ?; ' ? f 'l 
[0i10] As shc^in R 

CCD cover glass 45 i^ closely fixed to the proximal ewer gla^ adtie^ive 72 

so flowstdiit #Wnb^ layer cc^osfed bf babbl^ 

CGD'cbver glass 45 ^ ' B ' ' ' r ' l ' " 1fr ' " ' ; L '"'' ' Kj: ' 

[01 1 1 ] In the structure of the present em^ 38 ideated iri'f rbht of the image inpW^end 

of the CCD 43 ? is plaos^ln tHe HerrMiban^^ied^acef Water drdple^will^r^reifbre* hot te 'prbau^ l^cloud^ MU 
group of objectives 38 Vi v i£ ' ^ ' "' ' ; - ' ^ { ; ' ' * : ^ tky ; :m ; 1 ^ - ^ ^ <vv ; " ^ ^ 

55 [Of 1 2!]'- Moreoverrth^ CCD 43 s CCD cover gla^s45 3 knd prbximafcoveFgiiass ^4'aire closely fixed to one'ahotrjer using 
tr^lrOTsparent adhesive 72 Moistufe will tRePeford hot condense into wat^r droplets over these members 1 
[0113] Furthermbre. wheh th^ group of ot^ec^v^ 38 is real i^ with %hbh an imaging unit 1 7A 

having the structure shown in FIG. 13 should be employed. $o • A* ' ,r y - : -^ • ' 
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[0114] Specifically, as illustrated, the CCD cover glass 45 is closely fixed to the image input end of the CCD 43 bv 

K22 ^ he v <e ^ - th9 ' 1 ° re ^ an air layar ^ ^ CD cover glass 45 is closely fixed to the prox- 

imal end surf ace of the prox.mal cover glass 44. which is hermetically locked in the lens frame 39, by applying the trans- 
parent adhesive 72 without creating an air layer. wwyraginBirans, 

5 10115] The lens frame 39 is made of a metal or ceramic. The distal cover glass 36. made of sapphire and having the 
outer circumference thereof covered with the first metal coating 61 is hermetically locked in the distal part of the%ris 
frama.39 The group of objectives 38 and spacer rings 74 are placed in the space hermetically sealed by the lens frame 
39. disit.al coyer glass 36, and proximal cover glass 44. . 
[01 16] In the present embodiment, the group of objectives 38 is located at a position, at which it is focused on the 

10 QCD ^. b^means of fhe spacer, rings 74. This obviates the necessity, of bringing the group of objectives into focus dur- 
ing assembling. Consequently, it becomes unnecessary to hermetically join units with the CCD included in one of the 
units by,perform.ng soldering or brazing. Assembling efficiency therefore improves. The other operations and advan- 
tages are identical to those exerted by the aforesaid embodiment. 

« ISlS'iT*" T X u ia ' S *? be made int ° the airti9ht partition members constituting the hermetically sealed objective unit 
is 40 and hermetically seal.ng it. such as. a metal, a ceramic, a glass, and sapphire are highly heat-resistant and pres- 
SMre-resistant to res.st decompressipnor pressurization performed during autoclaving and not to be destroyed. More- 
i*^^&T*V*^-f* characteristic of offering a vacuum (when the volume of aspace in a specimen 

«rH? T V Sy IL tyP ® • ^ 9e dataCted ^ S he " Um leakase detector s «P ulated in J'S Z2331is 1x10- 
Pa-m J /s or less). Besides, the raw materials can be joined hermetically 

20 ^^^^"^"f that ^ n b e joined hermetjcally are heat-resistant raw materials that are resistive to a tem- 
E£2 T - ,n9 Whe " * he raW mat6rialS are j0ined usin 9 an airtl 9 ht i° inin 9 means described below 
TOift By contrasvpolymeric materials includjng.general resins and rubbers cannot clear the conditions for airtight 
S whnr S - TheraW r ter, ' alS t0 ^ made into the airtight partrtion members are therefore limited to raw mate 
2s components are a metal, a ceramic, a glass, or a crystalline material. Any preferable raw material i 
ss selected from among these raw materials 1 ! ' q • 

£12? TJ° T thS v etal ' various rayv Aerials can be used.For example, stainless steel or covar can be used 

♦ Moreover, in the present embodiment, a ceramic and glass is distinguished from each other as if they were 

f^^^^ZTn ^ Ceramic J s a r neriC ^ ° f no ^ metal " c ^a-iic ™taria.s Produced through 
nS^^r and f bak,n9 and others - ,n a broad-sense, therefore, glasses are included in ceramics. Many ceramics 
cleaMhe conditions for airtight partition members.. When a metal cannot be adopted as a material of airtight oaSon 
members for the insulation-related and optical reasons, any of the ceramics is adopted ' a.rt,gnt partition 

SforrSo 5 ^ Cer?miC w f e -' eSS ?haracteri ^ ic of offeri "g a vacuum, are likely.to crack due to heating per- 

EiS c S^? r r y ' 3 fine :| cera mic having an insulation property and being susceptible to a vacuum, such as. aluminum 

S,a ^ n ' alumina ' s,llCon oxld * or silicon carbide should be used to produce insulating members 
S 4 n5^ T mU l? 0nP9nent glasses used to produce optical members in general are deteriorated with 
s^m mmm. mpb^uie^ as an airtight partition member, that is. an optical window should be made of a crystal- 
's rnater.al that is transparent or has the property of transmitting light, or a multi-component glass that is resistfve to 
SS^L 6 Pjf *m Sapphire is a monocrystal of Al 2 0 3 and classified into transparent crystalHne 

b^TJS? ? ,S ,her6 0re 3 *** °P ,ical material capable of clearing the conditions for airtight partition mem 
bers. An another transparent crystalline material is quartz. ' 

ton? S ,Hn^L P lT ent emb °f. iment ' a means for fu sing a gold plate by utilizing heat stemming from irradiation of laser 
ll an .SEE airtight joining means. Otherwise, soldering, brazing, or brazing and soldering may be adopted 

SSSr" 5 ' ^ pres ? ntinvemion is "Pt Wed to these methods. Alternatively, various kinds of wdd- 
ing may be adopted as a joining means. 

[0126] Various kinds of welding include fusion welding represented by laser welding or eiectronieam welding pres- 
sure welding represented by. resistance welding, and brazing or soldering. When any of these methoJsTaXted as a 
joining means, airtight joining can be achieved. For example, laser welding may. be adopted to^t^^SfciJS 
serving as airtight partition members. The two metallic parts are fused and unL. The jo^t of the ^ S 
consists pf.the airtoht partrtion members atone. Reliable airtightness can be ensured * " two metallic ^ 

S«S' ? T g l f nd S ° ld fI in o 9 is ad °P ted - *e joint of airtight partition members is infiltrated with a metal Air- 
Sr! V ba a "sured. Brazing filler metals include a gold alloy, a silver alloy, a nickel alloy, a copper altoy 
and pthar various alloys. However, the gold alloy, nickel alloy, or any other alloys that hardly corrode should SeS 
in ^'^atipapUhe resistivity to corrosion Moreover, sokters include! aside from a generallytdoS^ JfSad 

[0128] Moreover, aside from metal welding, joining using a molten glass is also a joining means enabling airtight join- 
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ing. This joining means can be adopted naturally. The molten glasses to be injected to a gap between members to be 
jbiheSJ hermetically indliid^a low fusion^ is heated and fused, ari^tHen injected 

into a joint of airtight partition members in order to attain air'tigfitness. ' ™*. 'm*" 1 ^'-™**- '« ^ -*t& 

[0i|§] f Thelow fusioin^oint pibwered glass falls inB a type to Be shaped like a plat^ gtas^ and a crystallized type. 
Cerarriics other th^glass^s are baikecl /to v B^&^e^pi^iihg r lmat#na|s; enabling Airtight ^pining jOifiirtg : mei^hs for 
realizing a joint wftose^ is a -metal '^SrShniicf "^la»/bf cfj^stBUhne material, inly ceramic can be adopted. 

The ceramic works as an airtight joining means ^ ^ •/ ^ - 

f(ff§j^^ rWeanf isljs^ the 

^^is oferise 6 ^^or^Pn^^ip wH*n Sntrtenhd that i«i srivnieal m^tal weldina% the 
ture rises t< 

welding t ^. r - n - - . r , . . ... .. . . , ... r . 

st£ei i^£^;ftftft^ 146o*C Irftfie-qase^ a lowfusidri^ mol- 

ten glass for airtight joining the fusion point thereof is 300°C to 600°C E u ' j J / * ^ / / ^ 

15 [bl32] c Aft% tli^hdbs^pe is iised; Wen rflri^inGlips tl^'indoscop^is^^ fail. 

For tHe^ cleaning at leasfttfe •w^iferpfoof cap 15 i^ ittached m order to prevent invasion df a fiiiid duhKg dWahing under 
running water or immersion ip a fluid agent The wrioi^^using of the fehdoscopefis thtis sealed irf 1 wafertj^fmanner 
at the first sealing level. Consequently, it is pr^ehted t^ irWades Int 6 trie? in^enpr of ^fni^si^^ 
ihg of thi endoscope, and tha^ -c^y-, * 

20 [01 33] 4 Tr^reafter; wtiln dleafi^ cap 1 5 i s detSphed and the non-returh valve cap 20 is 

attached. The endoscope 1 is then sterilized using a pre-vacuumtv^ 1 '/ /' / 

[0134^ } At the pre-vacuurn step, the infer ral space of th e endoscope 1 1 is deaerated externally through the hori Return 
valve cap 20. This cases a difference in pressure between the interior and exterior of the hermetically sealed objective 
unit $0 that'is'hlVmetjcaii^ $eaii'^ j^^^^li^it^, the?- armpr1uB<35 of 

25 th^" ! |5enBabi4 paft' 9 ' ''r ^""* s ^^»«~" : r*a fap\«-i4 A'* ^Ka^ian^>Vei^r»r^ a ■ 1 He i n!«" rlil o+oe&ri •re**'' 5 K^nraV^/AV d hwmistira 1 1 v/ 1 

scaled obfective unit 
tion members. It will 1 
sure difference. 

[0135] v At: the ^Bslqueht sterilizati^ is ^acfikL'Higfcp^ 

30 stlamwiir^ into the Ir^erM^ 

steam permeates through the armor tube 35 and others? wliiciCare made of af jjDoiVmer^ 
einSSscopf ffiSj^ into trie Infernal ferftbscope space. Hbwevei^ 

tive uhit 40 is bomposed df airtight partition members or realized by hermetically joining the airtght partition members. 
St^will WiffiM not iMg'^ i§Wed Ujp 

35 to any of temperatures ranging from 115 to 140°C. However, it will not take place that the hermetically sealed objective 

[01 36] The drying step succeeds the sterilization step. The same pressure difference as that occurring at thelD're^yac; 
uuWItef^c^ hermetically sealed objecting unit 40. At this time, it will not 

ti&'jpiafcK^ bBjedive l Uhit : ^ 

40 change, or any other adverse effect. Furthermorei siiarnwlll nd^ 

[0137] After autoclaving is completed, the pressure in the internal endoscope space becomes lower than the atmos- 
pheric pressure. The armor tube 35 of the bendable part ^..therefore sticks to the internal structure. 
[0138] lUhe bendable part were bent in this state, the armor tube 35 would be damaged. However,, before. the endo- 
scope is put to use?the camera connector^ must be attached to the CCU. In other words, th^h^f^eturri'^ye cap 20 
45 is detached from the camera connector 7 without fail. Therefore, atmospheric air flows into the internal space through 
the vent 14Br"f|te;^ pressure difference between ther irHend£^ of the 

hermetically sealed objective unit 40 and that between the internal endoscope space and the exterior. Consequently, 
the armor tube 35'is ulftsticked from the internal structure, the armor tube 35 will therefore hot be" damaged during 
• bending. . * ' t^^nrnwO . ; >" . '-v,^\ on'-:... ortiv^tt { 

[0139] The present embodiment is concerned with an endoscope for medical studies to be autpclaved. The structure 
in accordance wrtlrthe^ inventtoh may be adapted to an endoscope to Be sterilized witN ^eajr^art endoscope 
to be immersed in a fluid agent for a long time, an endoscope having a possibility that steam may invade into the interior 
thereof, and an endoscope to be used in a highly humid environment, for example, an endoscope for industrial use. ^ 
[0140] ' M6re^)ir s the |Dreseht emd^iment is concerned with an enddsco^ whose insertion unit 12 has the bendable 
55 part 9: Alternatively the structure in accordance with the present invention may be adapted to an endoscope having a 
rijgid msferton unit part of which is' formed as the bendable part 9; j br^n Isndoscbpe'whose in soft 
and has no bendable part., t . '//''// 

[014¥j iV 1fheV 
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*• ^ n a bend abie endoscope haying a housing member thereof rnade.of a polymeric material is autoclaved, 

an armor tube sheathing a bendable part will not burst. ~ ' " 

- . v Even when the endoscope is autoclaved, steam will not permeate through airtight partition members outlining a 
hermetically sealed objective unit or joints at which the airtight partition members are hermetically joined, and will 
therefore not invade into tiie interior of the, endoscope. Consequently, it is prevented that the quality of a view is 
impaired due to condensation on a iens. ■ ''' ^ , , ( 

• Even when the endpspppe \fc,^9^&i pe : airtight partition members outlining the hermetically sealed 
objective unit nor joints at which the airtight partition members are hermetically joined will be destroyed. It will there^ 
.fore.no} take RlaceJhat^tearTi invades into, the interior due to destruction. Needless to say it will not take place that 
.the quality of a view is; impaired : due to condensation on a lens. ^ 

- When the endoscope is autoclaved, steam is prevented from actively invading into the internal endoscope space 
owing to a non-return valve cap. Deterioration of the internal members of the endoscope will therefore be alleviated. 
Moreover, after autoclaying is completed, before the endoscope is used, the non-return valve cap is detached from 

; ; a camera connector. It will therefore not take place that the endoscope is put to use with the pressure in the internal 
space thereof left tower than the outside air pressure. This eliminates the possibility that the armor tube of a bend- 
able part is flawed when used while being stuck to the internal structure. 

- The hermetically sealed objective unit is placed in close contact with the image input end of a solid-state imaging 
device. It will not take place that a field of view is narrowed due to autoclaving. Moreover, an imaging unit can be 
designed.cpmpact!y r The ; rigid partpf the imaging unit can be placed within a distal rigid length covering the bend- 
able part of the bendable endoscope. Besides, the distal rigid length can be shortened. 

* The unit has the, hermetically .sealed objective unit hermetically sealed. Besides, a portion enclosingthe 
solid-state, imaging device is sealed using any of joining means including an adhesive. Even when the endoscope 
is autoclaved, it will not take place that the solid-state imaging device is destroyed and the quality of a view is 
irnpaired. Moreover, the imaging. unit can be designed compactly. Despite the bendable endoscope, the rigid part 
of the im^ging ynit resistiyejp autoclaying can therefore be placed within the distal rigid length covering the bend- 
able part. Moreover, it is prevented that the distal rjgid length extends. 

[01*2] Airtight to the present invention shall be referred to a state in which a syntype leak- 

age (theyplume of the internal space of a specimen falls within the range of 0.1 to 0.4 cm 3 ) detected by a helium leak- 
so age detector stipulated in the J IS Z2331 is 1 xio -9 • m 3 /s or less. Z 

[0143] When the syntype leakage exceeds \ xiO" 9 • m 3 /s, steam may invade during autoclaving. Otherwise when 
autoclaving is repeated, steam may accumulate to condense on a lens or cloud it. Consequently, the iens, a coating 
covering the surface of the lens, or an adhesive may deteriorate to cause a drawback such as the impaired quality of a 

35 ^ t ^ s Tab,e 1 ,iStS dlfferent syntype ,eaka 9es and whether or not steam invades in association with different joining 
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[Q145] An airtight structure realized by performing welding, or in short, H . a y , uvaui:t e.nermencany seaiea 
objective unit 40 described in relation to the above embodiment is apparently different from a watertight structure real- 
ized using a typical O ring or adhesive in terms of the syntype leakage 
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Table 1 



Joining method . v ; : ,,; r . 


; ^ Syntype leakage 
> : (Pa r m 3 /s) 


Invasion of steam • 


'Welding ."" " " -v — - ?• 


0.6xl0" 1u to 1x10 s 


Not observed 


Sealjng with 0 ring (f Ipurine-contained rubber) 


;1x10"itp 1x10;? f 


: Observed 


Sealing with 0 ring (silicon rubber) 


5x10" 8 to5x10 7 . 


Observed 


Fixation with epoxy resin adhesive 


5x1 0" 10 to 1x10-7 


Observed 



^ • — ^.es.that compared with when welding 

.nclud.ngbra2.ng and welding, and fusion welding is adopted, when an adhesive or sealer made from a polymeric mate- 
55 naj .s adopted, steam jnyades through an adhesive-applied portion or sealer member. This becomes more obvious after 
autoclaving is repeated. 

nni^Z «r" rtt !f rm0re ' a f Sh ° Wn RG - 14 and F!G - 1 5, the chromium oxide (Cr 2 0 3 ) piate layer 65 may beformed not 
only on the outer circumference of the distal cover glass 36 but also on a doughnut-shaped portion of the proximal Wid 
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surface thereof. The plate layer 65 is the lew reflectance layer of the first metal coating 61 formed on the distal cover 
glass 36- In this base', the chromium oxide plate' layer 65 on the doughnut shaped portion cah function as a mask for 
. narrowing a beam • " ''" 4 ' '" ' '' ' ^ "; r 

[0143] "' Thus, tlWl^ is thus assigned to the role'of the rrtask |cjf narrowing 

s a beam, this obviates the necessity of separately preparing a mask member for narrowing a beam, thus contributing to 
a reduction in the number of "parts. Everituallyjhe cost of the eridpscope can be minimized. 
[0149] Referring to FIG . 1 6 and FIG. T7, f tHe : M 

[CHT&O] f&'i^ li^si&W^ of the first f§i^|me : nrt 

shown in FIG. 1. Only components different from those of the first embodirnenf s ^l bi del^iBecl^ the sime referenfie 

w numerals will be assigned toldehtical components The' description of the components will be' omitted v> h w 
[0151] ' As shown in FIG 16 e the distal part 8 of the irisVtiori unit 2 of the eridoscope 1 in ac^rdance 'witH^e^^dltt 
embodiment consists; mainly of the metallic distal £<^y ^ gu^funif 
82 The imaging unit' 17B is inserted intb thrbugh r holes bored in 1 the d body f 6 kriS distal coveir^i and locked 
therein; and serves as an obiserving means and ; image transmitting means: The light guide unit 82 serves as an illumi- 

75 natinQ mean# iP *w r ^^f' : ; ' n \ ™ r -f - < ^^rr^\ "V- >• - ■ » 

[0152] the distal cover 81 fills th4 role bfanlrisulatbr, andis made of a plastic that hks an insiiiiErti^'pfb^ert^ and is 
heat-resistant and waterproof such as. polyphbnylehe sulphite; polyph enyl sulfbne, or polyether ether ketone, dr a 
ceramic^ ->^ h "-^- '"> r^'--- ^\v-,y> %r yi^vi ••:«:*;•< .*--m * ■•; *^v> -yy ;-«v.--- 

[0153] The first bending piece 2S2a is IbcataciW the^forerriost end of the plurality of behding pieces constituting the 
20 bendablSpaii S t Wti fixed at the proximal entf^^^ 

rivets 33-sdtrmt'th^ pi^ freety^ to thSbtieF^ " 

i body 16 in a watertight manner! The armor tube 33 is made from a soft polymeric material such ai'SilubW 

rubber; ^nd ^hfeathing the ou^ ol ir^ Bering |^ ' ^ 

[0154] As shown in FIG. 17; the imaging unit 1 7B in accordance with the present' embodiment consists mainly of a 
25 grodp of objectives 83rttie C0D 43/a subsfrat^ hermetic bbnnector 90J ari 

airtightriess retaining fripe 7 ^; arid "S CCD" cable 88: The grdupf of 6bjectives83 Iprmsfan o6|e 

the formed object imag&prqe& 

prbdiiced by the CCD 43 are' mounted ftn th£ stibsfr^ 

l^irtitibn fire metal serves^ am 'airtigrit par- 

tition member for holding the CCD 43, and is engaged with the proximal part of the lens frame 39. Tfte herm&ic :cbn^ 
ri£<ctbr ^O if -at^chScj to^h¥p^ The airtigHtness retaining a metal 

serves as sin airtigHt partrtibn-m^ 

The CCD cable 881s coupled to the hermetic connector 90/ ■ an! - >t r ^ 

[OtSST^'W n^tallic^c^act pins 92 passed through holes bbfeSM a r^ 

35 body 91 serving as an airtight partition member. An insulating and airtight seafinig memBer 93 madef rbrri Fa mofteh glsisS 

the cbhhectbr Body^9l rSiHce tH$^&3^ ia^cofrtact 
pin 92 and the wall of a througfiftolertW^ Ibcke^'ln tHe connector iSod^^?" 

[OiSfer AT^ 

40 tube 86. TrWinienbr of the tBefrrib-^^ tub'S 8B is tilled wtrva filler that is arf e^xy adhesive; ciramlG ? a|he^ 
sive, or slicotf adhesiv^Utf foe signal ijr^ is/tHef 

p6rtibns4rl£r^ w^ the like land Wiving a itfpaHher^ By^tHe filter 89. 

The joints are thus prevented from cbrrc^ing'diie ttfsteSmi W 

part of the imaging unit 1 7B falls withiif a distel'ri^ to the rivef ^located at the 

45 foremost end of the bending pah 9 ' :i h "* ]: ' " r ■ ' uf ;j Vi 

[0157] 1 As shown in FIG 17, a first lens 101 li^s at the fbremost M end of the group of objectives 83, and serves as ah 
optical window'forming the di^l ehd sur^ce' bf tt^ of a glass 

resistive to high-pressure higH^emperature steam 1 Metal coating described In relation to the first embodiment is per- 
fbrmed brtifie lateral sur^iand ibh^mfer of the first If ns; Wi i { ;the iirstlenS^tOl' ' iW'BerMeticaily l^ckip' irrihe metallic 
lens frame 39 by performing lasbrweldihg that is an airtightjbiriihg means described in relation to the first embbdifnent 
[0158] The CCD frame 85 and hermetic connector 90 are hermetically joined by pefe tH^wel^ng^ 
laser light is irradiated in the direction of arrow D to tK^whole circuiiriferehbe of a junction at which the CCD frame 85 
mWts thie hiBrmetc connector 90 the CCD frame 85 ahd hermeitic conhectbr 90 are thus fused and united with each 

other. ; / A 

55 [01 591 Furthermore, Before the CCD frame 85 and hermetiacbhnectbr 90 are joined, the lehs frame 39 having the 
group bf objectives 83 locked therein is engaged with the CCD frame 85? the lens frame 39 is moved in the axiardirec- 
tions in order to bring the group of objectives 83 into focus. When the group of objectives 83 comes irito^Hus;th6 l^ris 
f rarne 39 is Ifi ixeS Tto the : CCD frame' 85 using w 
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[0160] Thereafter, the airtightoess retaining pipe 87 is placed over the lens frame 39 and CCD frame 85 In this state 
laser light is irradiated in the direction of arrow E to the whole circumference of the airtightness retaining pipe 87 Thus" 
the meeting portions of toe airtightness reta.n.ng pipe 87 and CCD frame 85 are welded, and the airtightness retaining 
pipe 87 and CCD frame 85 are joined hermetically. Laser light is then irradiated in the direction of arrow F to the. whole 
circumference of the airtightness retaining pipe 87. Thus, the meeting portions of the airtightness retaining pipe 87 and 
lens frame 89 are welded, and the airtightness retaining pipe 87 and lens frame 89 are hermetically joined This results 
in a hermetically sealed imaging unit body 100 that is sealed at the same second sealing level as the hermetically 
sealed objective unit 40 in the first embodiment. ' . , .,,- s ,,../, 

[01 61 ] A laser employed is. similarly to that in the first embodiment, a YAG laser whose power is low and can be finely 
adjusted. Moreover, when laser light of apulsating wave is irradiated, a degree by which adjoining pulses overlap is set 
to 80% or higher Consequently, reliable airtightness can be ensured. ...*'". "*' ! 
10162] The. light guide unit 82 shown in FIG, 1 8 consists of the light guide fiber bundle 1 8. a first light guide fiber frame 
111, the illumination lens 19. an illumination cover member 112, an illumination lens frame 113. and a light guide fiber 
casing tube 114. The light guide fiber bundle 1 8 is formed as an optical fiber bundle made by bundling fibers or a plu- 
rality of opt.calf.bers each composed of a core and cladding. The first light guide fiber frame 1 1 made' of a metal serves 
as an airtight partition member having the light guide fiber bundle. 18, incorporated therein. The illumination lens 19 is 
located on the distal surface of the light guide fiber bundle 18. and spreads an angle of illumination. The illumination 
cover member 112 made of sapphire ^serves as an airtight partition member located on the distal surface of the illumi- 
nation lens 19. The .lamination lens frame 1 13 made of a metal serves as an airtight partition member having the illu- 
mination cover member and others incorporated therein. The light guide fiber casing tube 114 has one end thereof 
located at the proximal end of the illumination lens frame 1 13, and encases the light guide fiber bundle 18 
[0163] A molten glass that is one of airtight joining means, is, infiltrated into the distal part of the light guide fiber bundle 
1 8 inserted in the first light guide fiber frame 111. whereby the fibers of the light guide fiber bundle 1 8 are joined her- 
metic^. In other words, a molten glass (not shown) is infiltrated unintermittently into the fibers constituting the light 
gu^e f.ber : bundle 18. The molten glass should be a paste-type low fusion point powered glass in which an organic 
binder is mixed. The fusion point of the low fusion point powered glass is lower than that of a fiber. The low fusion point 
powered glass will not be refused due to heat of illumination light The fusion temperature of the low fusion point pow- 
ered glass falls within the range of 300 to 600°C. Moreover, the low fusion point powered glass can be handled easily 
during assembling. , -. , .. " - 1 

[0164] Before the paste-type, low fusion ppipt powered glass is used to join toefibers of thefiber bundle, first the fiber 
tr ! teC Lr th low ?M»on point powered glass is inserted into the first light guide fiber frame 1 11. The portion 
of the fiber bundle infiltrated with the powered glass is heated at any of temperatures ranging from 300 to 600?C 
Whereby the organic binder is dispersed. When the low fusion point powered glass is fused, the portion infiltrated with 
the low fusion point powered glass is then cooled. ■ ' 

[0165] Thus, the molten glass is hermetically infiltrated into the fibers. Moreover, the outer circumference of the end 
portion of the light guide fiber bundle 1 8 having the molten glass infiltrated into the fibers thereof and the inner circum- 
ference of the light guide fiber frame 1 1 are joined hermetically owing to the molten glass. 

[Q166] r , The molten glass f .lis the role of an airtightness retaining filler to be infiltrated into the fibers, and the role of an 
airtight joining means for hermetically joining the light guide fiber bundle 1 8 and first fight guide fiber frame 1 1 1 
\° 16 P same metal coating as that employed in the first embodiment is performed on the outer circumference of 
toe .Hum.pat.pn cover member 112. The illumination coyer member 1 12 and illumination lens frame 1 13 are hermetically 
joined by toe same airtight. joining means as that employed in the first embodiment. ' 
[0168] The structure of toe light guide unit 82 will be described more particularly 

[0169] To begin with, the illumination lens 1 9 is put in the illumination lens frame 113 hermetically united with toe illu- 
45 minatipp coyer member 112. Thereafter, the light guide fiber frame 1 1 1 hermetically united with toe end of the light 
gutdefiber bundle 18 owing to the molten glass is put in the illumination lens frame 113. Laser welding is then per- 
formed in order to hermetically join toe illumination lens frame 1 13 and light guide fiber frame 111 
[0170] Consequently, the portion enclosed with the illumination cover member 112, illumination lens frame 1 13 first 
light guide fiber frame 111, and end of the light guide fiber bundle 18 is hermetically sealed in the same manner as the 
so hermetically sealed imaging unit body 100. "" ' ' v • 

* 01 I 1 I Si"? t0 ** fpre9 ° ing structure ' » ls Prevented that steam having permeated through the light guide fiber cas- 
mg tobe 114 y^l invade into the illumination lens 1 9 through the fibers and the gap between the light guide fiber bundle 
18 and first light guide fiber frame 1 11 . 
« Owing to toe . foregoing structure, the illumination lens 1 9 is placed in the fully hermetically sealed space An 
SSr 0 "! 6 ?^ nPtbe used as toe iumJnationJens.m but a generally employed multi-componem glass 
that can be machined quite readily can be adopted a 

2 ra ^hfrmore.the illumination lens 19 rnay be made of sapphire ^ 

pressure high-temperature steam. The illumination lens 1 9 and first light guidefiberframe 1 11 may toen be hermetically 
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joined directly. According to this structure, the illumination cover member 1 12 can be excluded. In either structure, mois- 
ture will Bdt^coh^enslB'on the inner surtacVof the i^ 1 9l Eventualjy, insufficient illumination wili not arise. 
[01741" In the endbsrape of ffie ^ in FIG 18, a d^ice frame /I20 
accommodating the group of objectives 83 and CCD 43 may be included in the distal rigid part. An HIC frame 122 

5 accommodating a hybrid integrated circuit (hereinafter, an HIC) 121 may be placed in the flexible tube 10 located 
behind the bendable part 9. In this case, a connector 123 locked in the device frame 120 and a distal c6nn%dff024 
locked in the WlC frame 122 are electrically linked by a plurality of signal cables 126 contained in a relay icabie 1 25 lying 
through thrbehdable part 9?^ r ' * : * ' * ' ' ' " : * A " ' h; 5 ' T ' : ? / " r% ^ 

[0175] As shown in FIG. 19, a distal cover glass 127 made of sapphire is, like the one iri the aforesaid emb^ 

w hermetically locked in this distal^aff^ the device fiiaW is hermetically locked in the proximal 

part thereof by : performing metal-welding such as fusion Weldi h jg ; btezing or pressure welcling Thus thie lens unit 83 
and CCD 43 are placed in the hermetically sealed internal spaci dfHhe device frame 120' s J 

[0176] 1 Connection pi ns 1 1 2fe like the aforesaid ones are helrmetically implanted irvthe connector 1 23 using a mblteri 
glass The distal ends of trie connection pirisi f 128 are electrically connected to thSCCD 43, while the prokimal end's 

75 f Hei^Sf ari ^lectribaliy pdu^%1heiigftar cabi^ 126 contained in the reiay^cable 125?^ X ' • ' l \ ' ■ ' ,r ; ' ^ • ^ ■ 
[01 77] r By the way, the distal connector 124 and proximal cohhector 129 are locked'in the distal part of the HIC frame 
122 and the proximal part thereof respectively. The outer circumferericesW^^ 

circumference of the HIC frame 122 are hermetically joined by "performing m as fusion welding, braz^ 

ihg and Weldin^of prepare welding; Thus; the HIC 12T is pl&ced in the h^rmetiMlfy ^aied interna! space of the NiC 

20 frame 122, * ; • ' ;^ :r ' " -;7 

[0178] ^TRe'bar-like tohnedtidh pins 128 are fferm trte connetf^^ using a mditeh * 

glasshn the'same manner as that mentioned above The Wigrial caBles i 26 bared at the pr6ximal %nd of the relay cable 
125 are eiectncally spliced to the distal ends of the dorihectioh pins i 28 irTiplanieSd in the distal connector 1 24; The prox^ 
im£l ends of the • ;n '— ;w ' >fr, / Jvor ' 

25 [0179] ^Moreover, the distal ends' of the bbnhectidri pinVi28 implanted in tfie proximal 66rtnectdr 129 are electricaily 
coupled to the Other end surface of the HIC 121 Th'e Signal lines conteined in the CCD cable 88 extending to the cbn^ 
hecftdr unit Safe splic ■•-■^k -nt.v'r- -n 

[0180] As mentioned above, the HIC' 1 2:1 is hot placed in the distal rigid part But placed in the f l^xitfe 1 tube 1 S?This 
lead^ id the shortened dfeM rigid paft r ' !> *' ' ■*<■■'<.•*•%•;■ '' V/' : • 4 "' VJl * -J 

30 [0181 ] • Moreover; th& CCD placed irf thS distal rigid part is electrically connected to the HIC placed ih%fe flexible tube 
over the relay cable. The ratio at which the contents of the distal rigid part and those of the bendable part pccup^the 
internal spaces off he distal rigid'paft a^ as those ¥etf6t v S cbnveht'iohal 

endoscope. 1 " "\ .V ' \ r r ^ \ ' . 

[0182] r ; Fpr ;^a 

35 having asul&trate 131 ahdliermetic Conh^ddr 132 placed in a metallic sleive l 

elSSrxirallyiihkecl by the rela^ cable 125. th^aiftighi space is def ih^ 1^ fte 1^ f rame* 39 ! ^ 
of bbji^ive^ 38^ tHS distal f^ 

primal Bover glass 44"l6cMd tK£rein/a^ uMiB'-wrtH^e isolating 

frame 41 and distal frame' 37 At this time, the relay cable 1 25 is sheathed with a soft tube 1 35 that is pleated to be^behd^ 

40 able and foiled with, for example, stainless steel or aluminum. The distal part of the soft tube 1 35 is overlaid the prqxjmal 
part of a metallic thje ; Isolating frame' 41^ The ^ri&i fHSf " 'p€(K' of tfi ^.spft tube f 35 is overiaid 

the distal part of the sleeved 33: Thus^the soft tube 135 and the connection frame 136 and sleeve 133 are hermetically 
joined by performing metal welding or the "iike'P 5Viyr, ^ vr ' - < ! ' 

[018S] y ^Cohsequ the rfelay cabfe 12:5 iand^the contacts of the signal cables 

45 1 26 and connection pins '92 -will hot be exposed to high-pressure high-temperatur-e steam 
[0184] Now, ^ 

[6185] - ' As shown ih 5 FIG^2i, the light guide connector 6 consists bf a second lighiguide f iber frame 140, a rod lens 
I4l ^ah incident end cove frame 143, and a cohnfectbr base body' 1^5: The second light 

guide fiber frame 140 made of a metal serves as an airtight partition mei^0rinto : ^ 

so guid&f ibirlbuhaie § is'ihserted^The If 6d lens 14i is locafed diri ^ piwirrajl^ ligHt gui<3e"fib(er bundle 

18, and 'homogenizes incident light falling on the light guiSe fiber bundle i8. the incident end cover mferriber 142 made 
of sapphire serves as an airtight partition member located on the back end surface of the rod lens 141. The inadeht 
end frame 143 mad^ of a metal serves ^s ah airtight paction member accbrihrriodatihg the incident end frame and'oth- 
eVs The connector base body 145 is attached to the incident end fram^ 143 using a screw 144 The head of the screw 

55 144 is i cbvefed wrtha fillelr '14^hat is ah ad " " 

[0186] The proximal part of the light guide fiber bundle 18 is, similarly to the aforesaid distal part thereof, 1 tSmift^fmit^ 
tentfy Infiltrated witfi' a molten glass, fliebulercircurfrfe li^ht guide fiber Bundle 1 8 and 

the'secdhd lighiguide ftoefframe f46 arejpiW^'Kermetidally byHhe'mbiten'glass'. - ,r 
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[0187] Moreover, metal coating is. as mentioned above, performed on the lateral surface of the incident end cover 

VM^J* 2 7 *}? incident coyer member 1 42 and incident end frame 1 43 are hermetically joined by an airtight join- 
ing means. ... ' " """ * ■'"•y- •■=-■••-••• >■••■'■.')-/ ■»•- », ■-■ - .: •■ 

[P188] Furthermore, the second light guide fiber frame 1 40 and incident end frame 143 are hermetically joined bvoer- 
s forming laser. welding. " "" „""' 

[0189] Consequently, the portion enclosed with the incident end cover member. 142, incident end frame 143 second 
light guide fiber frame 140, and end of the light guide fiber bundle 18 is hermetically sealed in the same manner as the 
hermetically sealed imaging unit body 1 00. , . r , . ... 

[Q19Q] , Consequently, the rod lens 141 lies in the hermetically, sealed interior of the light guide connector. Even when 
io a single fiber made of a.mutti-component glass or the (ikethat is not resistive to high-pressure high-temperature steam 
is employed, it is unnecessary to concern about deterioration due to steam. 

IP191] Moreover, the light guide fiber bundle 18 is sealed by the light guide fiber casing tube 114 and light guide fiber 
frames 1 1 1 and 140 at the first sealing level or higher. As the light guide fiber casing tube 1 14,a silicon tube is adopted 
generally. However, in the present embodiment, a f lubrocaroon resin tube is employed because it is less permeable to 
is steam and more resistive to high-pressure high-temperature steam than the silicon tube. At this time it must be 
checked.whether the tube must be somewhat soft. , - ' ' 

[01 92] Now, the structure of a switch unit 1 3 will be described below 

[0193],; As shown in FIG. 22, the switch 13 consists of an electric switch 148, apresserpin 149. a switch cover 150 a 
presser member 152, a nut 153, screws 154, an O ring 153, and a switch cable 157. The electric switch 148 is an eiec- 

20 tronic pert mounted in a package member 147. and designed compactly. The presser pin 149 is pressed in order to turn 
on or off the electric switch 148. The switch cover 1 50 is molded with the presser pin 1 49 inserted therein, and made of 
a rubber such as fluorine-contained rubber, The presser member 152 fixes the switch cover 150 to an operation unit 
housing 151 in a watertight manner. The presser pin 149 is passed through the presser member 152. The nut- 153 is 
used to immobilize the presser member 152. The screws 1 54 are used to fix the package member 147 to the operation 

25 unit housing 147. The Q ring 155 is used to attain watertightness between the package member 147 and housing 151 

The switch cable 157 is spliced to a contact 156 of the electric switch 148. Consequently the electric switch 148 lies in 

the space sealed at the first sealing level or higher using the switch cover 150 and O ring 155 

[0194] The switch cover 150 used to realize the sealed space is formed to be thick enough not to be buret or damaged 

even the mr >* sealed space expands or contracts due to decompression or pressurization performed during 
30 autoclaving. . . , , 3 

[0195] , The sealed space is pressure-resistant to resist decompression and pressurization performed during autoclav- 
ing. Moreover, the sealed space is much smaller than the internal space of the endoscope. An amount of air that 
expands due to decompression performed during autoclaving is therefore limited As the possibility that the armor tube 
outlining the bendable part may burst as described in conjunction with the related art is low. so the possibility that the 
^ rt o f;no cover 150 r may burst is low. From this viewpoint, it is unnecessary to make the switching cover 150 too thick 
mm ^^de^mttie^switch unit, some portions of the internal endoscope space need not be sealed fully hermeti- 
cally but must be sealed at a certain sealing level and protected from invasion of steam. These portions are like the 
foregoing switch unit, sealed at the, firs* sealing level or higher, whereby invasion of steam can be minimized success- 

[01971 Moreover, a moisture, absorptive member 158 may be placed in the sealed space. The moisture absorptive 
member 158 absorbs invading steam and will thus help prevent deterioration of electronic parts. If the moisture absorp- 
tive member can be replaced with a new one. it would be more advantageous. 

mm iThs Q ring and other rubber sealing members are generally made of a silicon rubber or fluorine-contained rub- 
ber. However, a silicon rubber is quite permeable to steam. For this reason, the employment of Ihe aforesaid sealing 
member made of a fluorine-contained rubber is preferred. For the same reason, a partition for a space that must be 
shielded from mvasion qf steam should be made of. for example, a fluorine-contained rubber rather than a silicon rub- 
ber. Likewise, a joint that must be shielded from invasion of steam, should be realized using an epoxy adhesive or 
ceramic adhesive rather than a silicon, adhesive. 
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[0199] A portion that cannot be hermetically sealed using an airtight partition member or airtight joining means for a 
of s\Tam ° r — CtUra ' re ^ n ^ covered with a gas barrier type coating This will prove effective in hindering invasion 



VW® , For example, the outer surface of the light guide fiber. casing tube 1 14. the outer surface of the thermo-con- 
tractile tube of the -maging unit 1 7, and the other outer surfaces of joints formed with an adhesive may be covered with 
55 ISMrdTyTete^raSf" 9 ' ^ * e advanta 9 e that an internal part, for example, the light guide fiberbundle 

r^O^ Jie^ating methods of formmg the gas barrier type coating include resin coating such as Parylene resin coat, 
f 1 °T- " 9 u SUCh 35 ^position-based coating or dip soldering-based coating, ceramic coating such 
as coating using siHca into which silazane is converted, and crystal coating. For, for example, the light guide fiber casing 
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<• £ i fjv; 5°*? 3 '1 * 

tube 1 14, a method of forming a soft coating must be adopted. According to this method, invasion of steam can be hin- 
dered without an increase in size of contents td be sealed. When the second sealing level can be a^iS^al^rd'ihg- to-- 
the metallic thihrfilm coating, ceramic coating, or crystal coating the method can be adopted for ah observation optical 
system 1 including' optical members vr; : ' ' ; - ; 5 

5 [0202] Similarly to the first embodiment, even when the endoscope of the present ertfctkJimeht is aUtodaved, tirife her- 
metically sealed t'rhagih0''unit''Bbdy 100 will hot be destroyed iand steam will hot invade into the interior of the hermeti- 
cally sealed imaging uhitbody 100. 

[0203] Moreover, according to the present embodiment, the emission end portion and incidence end ppftibrV of the 
light guide uhit ; 32 which are hermetically sealed and infiltrated with an airtight joining means will; similarly to* the her- 

io meticaily sealed imaging unit body 100 not be destroyed Moreover steam will not ihvade into ^ guide light unit 82 
[0204] '■" Fi^ermore a switch unit is sealed at the first sealing level or higher Invasion of steam into the switch 1 unit is 
thus minimized High-pressure high-temperature steam having invaded' into the interior of the endoscope will hot 
directly attack ah electric switch ] k ' ■■ ' 1 ; * 

[0205] j Little steam having 'invaded will be absorbed by a moisture absorptive member It will therefore be prevented 

is tH^fe el^ctricr switch of the lik^fails-du^ to steam or humidity MbrebVef^ High^ will 

not ? directly attack' a light guide-fiber bundle bwirig [id the effect of ah "armor tube. D#leribrati6h of a fiber glass can be 
prevented. This leads to a lowered possibility that a fiber may be broken. ' 1 1 '"' '* ; 

[0206] Ihth^lpfesehtembbdim invSdihgl 
imd the'interhal endoscope space are se in an airtight or watertight'rhahner. This leads to a lowered possibility that 

20 the whole endoscope may fail ' r 

[0207] The ehd6sebpe m^ but with ^ v^t ih th^oirter wall bf 

the endoscope left open in the same manner as it is sterilized as conventionally using an ethylene oxide gas; Ih'this; 
case, high-prbssure high-temperature steam may invade actively into the interior of the endoscope Nevertheless, since 
almost all the contents of the endbscopie thSt are susceptible to steam/ such asf arv observing m^ 

25 means; and switch unit are sealed ih ah airtight or watertight mahher. the endoscope will hot fail. 
[0208] The present embodiment provides the advantages described below. 

Even when a bendabie endoscope having a housing member thereof made of a polymeric matenal i 
the armor tube of a bendabie part will not burst and the functional parts incorporated ih the feridbscopa will hot fail. ' 
30 - :i Even when the endoscope is autoclaved steam will hot permeate through airtight partition members constituting a 
hbijsing of a: hermetically sealed iitiaging unit body, and joints of the hef meticaliy 

the ^earri will th§r%fore hot invade into the herrhetic^lly- sealed imaging unit body It is therefore prevented that 
electronic Mparts including a GCD r will fail and that the quality of a view will be impaired due to condensation occur- 
ring brvanens:^^ - ; ' Vr " ( '\ f? ";' " } '"' '. "'■ •^-.•••r 
35 - Even when the endoscope is autoclaved, airtight partition members constituting a housing of a hermetically sealed 
objective unit and joints of the hermetically joined airtight partition' members will hot be destroyed it will therefore^ 
-ho^ BecausS6f ; aiitruc-' J 
tion. Needless to say, it will not take place that the electronic parts v sudfr 

view is impaired due to condensation bh a lens -' iv , <x * i ^ 

40 - Even when the endoscope iS autbclaved/ ^earh will hot invade ihtolh^ he^ 

ehd ! portions of fcliglft guide fib^ from condensation 6n-a^ 

! lens wiirHot take jplace. r: ; o < . - * - - ■ 

Eveh^wheVi the ehdoscbpe \s- autoclaved; high-pressure htgh-temperature isfeam having ihyaded into the internal 

endoscope space willriof^ 

45 is absorbed by a moisture absorptive v: member; !; 'lt will hot take place that the electric -switch^ ails due W steam^or 
humidity: 1 ^ *tv«ir; ^ " * — " ! ^ / ^ ^ 

Even when the eridb^bpe is' autoclaved; high-prefcsu^ not ;directiy attack the light' 

•^tiide fiber bundle, this leads to a lower^-p^ibility thaf fibbr 
- During atooclavihgrthe i 

so attached in order to prevehf burs^ part: Even in thl£-sftuM^ opti- 

cal system, illumination optical system, switches, and other various contents oHhe fehddsc^ewill hot-fail. : ; 

[0209] Referring to FIG. 23 to FIG. 25, the third embodiment of the preserit invehtibh will be described belbwV ^ • 
[0210] 1 The structure of the prfeisent emBbdimeht is substantially identical to that of the secbrid emb^imehtJOriiy^if^ 
55 ferent components will be descHBed* The ■ s^'e refereriS§ ' numerals f wiij be assign^ to identical co^^ The 
description of the componehts w ^ ; i ;r •; ^ • 

[0211] Ah endoscope 200 in accordance with the present em FIG; 23 and FIG: 24, a fiber- 

scope employing fibers as an bbiseiving' T m*earis, tfiaf isVah image'-trartemittihg rheansV 

. .... .... .. ..... - . v ,. . ... , ?J > v. . ...... ... 
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[021 2] An image guide fiber bundle 201 lies through the insertion unit 2. The image guide fiber bundle 201 serving as 
an image transmission means is formed as an optical fiber bundle made by bundling fibers, that is, a plurality of optical 
fibers each having a core and cladding. Objectives 202 are located at the distal end of the image guide fiber bundle 201 . 
An eyepiece unit 203 is located at the other end thereof. 

[0213] A connector unit 204 has a light guide connector 205 and a ventilation base 206 through which outside air is 
circulated through the internal space of the endoscope 200. A ventilation cap 207 is mated with the ventilation base 
206, whereby the interior of the endoscope is ventilated with outside air. 

[0214] Unlike the aforesaid embodiments, no imaging unit is incorporated in the distal part 8. Instead, an image guide 
fiber bundle 201 , an image guide fiber frame 208, a group of objectives 202, an objective cover member 209, an objec- 
tive lens frame 210, and an image guide fiber casing tube 21 1 are incorporated in the distal part 8. The image guide 
fiber frame 208 made of a metal serves as an airtight partition member accommodating the image guide fiber bundle 
201 . The group of objectives 202 is located at the distal end of the image guide fiber bungle 20 1 , and forms an object 
image. The objective cover member 209 made of sapphire serves as an airtight partition member located at the distal 
end of the group of objectives 202. The objective lens frame 210 made of a metal serves as an airtight partition member 
accommodating the objective cover member and others. The image guide fiber casing tube 21 1 encases the image 
guide fiber bundle 201 . 

[0215] The fibers constituting the image guide fiber bundle 201 must be arranged in the same manner at the distal 
end and proximal end thereof. For this reason, the both end portions of the fibers are immobilized while infiltrated with 
a glass that is melted with a fluid agent, such as, an acid-dissolved glass. The acid-dissolved glass fills therefore the 
20 role of an airtightness retaining filler to be infiltrated into the both the end portions of the fibers constituting the imaqe 
guide fiber bundle 201. 

[0216] The distal part of the image guide fiber bundle 201 immobilized with the acid-dissolved glass and the image 
guide fiber frame 208 are, as described in relation to the second embodiment, hermetically joined using a molten glass. 
Moreover, a proximal lens included in the group of objectives 202 is bonded and fixed to the distal end of the image 
25 guide fiber bundle using a transparent adhesive. 

[021 7] A metal coating is formed on the lateral surface of the objective cover member 209 and the inner circumference 
of the objective lens frame 210. The objective cover member 209 and objective lens frame 210 are hermetically joined 
by, for example, performing soldering. 

[021 8] A front lens included in the group of objectives 202 is locked in the objective frame 21 0 hermetically united with 
30 the objective cover member 209. Thereafter, the image guide fiber bundle 201 to which a proximal lens included in the 
group of objectives 202 is fixed is inserted into the objective lens frame 210. The image guide fiber bundle 201 is then 
temporarily locked at a position, at which the group of objectives comes into focus, by performing, for example, spot 
welding. Thereafter, the objective frame 210 and image guide fiber frame 208 are hermetically joined by performing 
laser welding. 

35 [021 9] Consequently, the portion enclosed with the objective cover member 209, objective frame 210, image guide 
fiber frame 208, and end of the image guide fiber bundle 201 is, similarly to the hermetically sealed imaging unit body 
100 in the second embodiment, hermetically sealed. 

[0220] It will therefore not take place that steam invades into the objective cover member 209 through gaps among 
the fibers and a gap between the image guide fiber bundle 201 and image guide fiber frame 208. 

40 [0221] Any method other than a joining method using a molten glass may be adopted for joining the distal part of the 
image guide fiber bundle 201 immobilized with an acid-dissolved glass and the image guide fiber frame 208. For exam- 
ple, a metal coating may be formed on the outer circumference of the distal part of the image guide fiber bundle immo- 
bilized with the acid-dissolved glass. The distal part of the image guide fiber bundle of which surface has been finished 
and the image guide fiber frame 208 may be joined hermetically using a solder. 

45 [0222] Moreover, the image guide fiber bundle 201 is not limited to a flexible fiber bundle having both the end portions 
of fibers immobilized with the acid-dissolved glass, and the intermediate portion of the fibers separated from one 
another with the acid-dissolved glass melted with a fluid agent. Each of the fibers has a core and cladding. Alternatively, 
a conduit fiber serving as one conduit over the whole length thereof and made by encapsulating a plurality of core 
glasses in cladding glasses will do. In this case, the cladding glass fills the role of an airtightness retaining filler for cov- 

so ering each core glass of an optical fiber. 

[0223] In general, the flexible fiber bundle is made of a multi-component glass. The conduit fiber is made of a quartz 
glass as well as the multi-component glass. 

[0224] As shown in FIG. 25, the eyepiece unit 203 consists of a group of eyepieces 215 and an eyepiece mount 21 3. 
The eyepiece unit 203 can be attached or detached to or from an endoscope body 214. 

[0225] The group of eyepieces 215 is mounted in a hollow of a metallic eyepiece frame 216 serving as an airtightness 
partition member. A first eyepiece cover glass 217 and second eyepiece cover glass 218 are hermetically locked in the 
distal part and proximal part of the lens frame 216 using, for example, a solder. The outer circumferences of the first 
and second eyepiece cover glasses 217 and 218 made of sapphire and serving as airtight partition members are cov- 
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ered with a metal coating. 
[O^iBP^Iri'^^l^d^^ iritemaPspa^ 

eyepiece*! rame 2 1 6 t first eyepiece cover glass 2 1 7; and second eyepiece cov^ glass 218 ' v * v ^ ^ 
[0227] !r With the eyepiece unit 203 attached to the endoscope body 214; the first eyepiece cover glass 217 serves as 
5 an optical window that is included as part of a housing of the endoscope. ri '^ • * ; i - i t ^ ^ 

[0228] , Furthermore^the/proximal part of >the:im guide fiber bundle 201 lying through the endoscope body 214 Kas 
theisame structeire:as th&distal paltof the afbres'aidirriagevguide^iber btihdle 20tr«^ 1 -s-iw *■ or- 

[0229] Moreover, a metal coating is formed on the lateral surface of the cover glass 219; l;he ;c6ver glass 219 and 
fibefchdiding; : mem^ 

10 frame221 ahditha fiber' holding^ member 220 are hentieticallyijoin^ using^ for example; a solder ^ ^ s 

[0230]s ,Gbhsequentiy; sinceithe end of the' image ;gciide fiber bundle 201 its sealed hfermeticallyr steam will not perririeS 
atelthiiough the end oi the, image guide fiber bundle 2Q1 and: the inner 1 ^ ' 

[02311^ Wjhehtthe eyepiece u the endoscope bbdy'2 14/ thereover glass 21^ 

cal window that impart of^ mu o bs? t ^ ' ■ -imp* > < *n c f>n s 

75 \[0232>|vvMbV;ebvQ^theigr6tip bf^eyepieceS'2<15:ih^ be freely attached 6r v detached tb'dr from 

the image output end of the image guide fiber bundle 201. Alternatively/tsimilarly to the'herni objective^ 
unit:40 and the image; input end of th^©CD^43 employ iirihe first embodii^ 

pieces 215 may be closely bonded^to theimage^output end of the^^ guidetfiberburidle 201 ^^a^lyiKg^'tan^fif 1 ; 
ent adhesive in such a manner that no air layer is present. In this case, an eyepiece focusing mechanism should be 

20 includedin the hermetically sealed eyepiece unit for the purpose of adjustment of She didpter-df the eyepieces. *- ,r W 
[0233] * Moreover^the image guide fiber bundle 201 86, similarly to the light guidefiber bundle 18 in the second embbd- 
iment/Osealed at^the^first^sealing level br higher level with acasing tube ^thd €ase>^ x-zr^ari - : -x ^nu^. ^ 
[0234] operations to b& exerted by 1 the endoscope 200 having the foregoing structure will be described below.Q • i/: 
[0235] When the ventilation cap 207 is mated with the ventilation base 206, the internal space of the endoscope 200 

25 is (ventilated, with outside am Forrcleanin^ 

ness: For autoclavihg, the endoscope is put in an autoclave 

of the armor tube 37 outlining the ber^able p^ * &*r\ w .-yiw < ^ o -wx \*t\ ^?«rn 

[0236] f At this timera large amount of steam invades'ihto the endoscope body 214 through the vieihtilatipn unit -Nev^ 
ertheless, steam will not permeate through the distal end of the image guide fiber bundle 201 hermetically sealed in the 

30 endoscope body 21:4jr and the group/bf eyepi§ces*215 included in the eyepiece unit 203 that 

detached to or from the endoscope body 21 4. It wiii /therefore not take place that steam invades into the seal^ spafe^ 1 
arid watei^drbplets; are prb^ ; -"-^ ? ^'--"-' --*'•' l -" ' { * r : ^^h 

[02371^ Represent embodiment-has^ ' -v.^- : ' ? ; :«<^'M;^ 

■""r-:r-'f^:;^. te'&ri & Z serf.".* ! o*f&rv • , *-.=:*i- to van V':, "> •'• vi*"" ■ "\ g -v- 

35 - When a bendable endoscope whose housing member is made of a polymeric material is autociaved, it will not take 
■") place that the armor tube of a bendable part bui^ts and that a field of view is^riarrbwed. fa &" :r 'w&k ? - ?o iosrr* 

- When thei erxioscopeis autociaved^ 

■ fiber bundle^ahd van eyepiece unit.<Mqrebver, when water droplets are 1 ^ 

i of the eyepiece; unit • the ey^iece unit can- be detached in order to wipe off the! water droplefc Gbhseqiite^ will 
40 < ndt:take places thatcatfield of view provided iby'th^ eyepiece unit is narrowed due to condensation occurring fori 

lens. • '"^ ^-i- '^Q: & ■■■<'•■> 

- When the endoscope is autociaved; the hermetically sealed distal part of the imaige guidi^fiber bundie^airtight^pafti 
tition membersi constituting'th^ housii^ 

members will not be destroyed. It will therefore not take placfe 'that steam invades inside diie tb^^tructiori^Natu^ 
45 u -rally, it will nottake place that the field of view tSirtarirowed ^dye I0 ! condensation':dn 'a" I'errs.- • - • C : "M r * 

- When the endoscope ;is autociaved/ high-pressurd high^tempefature^steam will not directly attack the imaige guide 1 
fiber bundle, Consequently, fiber glasses'Wlll:-hot r detenorafe.-to breaks n ; ^ - - * % - A p f v , 

[0238] According to the present embbdiment- instead of the ventilation having the capability of -ai; 

so nonreturn valve may be, similarly to the ndn-returh valve <cap^ 20 in the first ::ehTb6dirnerit? malted 1 with tHe 'Ventilation s 
baser206/" : - r.'-'-:?-- ^ r .-: •> •*" :-f*"*Ci at5'65o n' ■ ■ ^nr !•'•■«* .>.- ^■•r<n~, -^iH;--- 

[0239] u In this case, the cap member must be designed sd'that when it is mated with the ^ventilation base 206] will 
communicate with an outside and works as^a-non-returh valve:^ Wheih this strudureis adopted, steam will hot, similarly 
to the first embodiment, actively invade into the interior of the endoscope during -autdclavingV The 1 '£bhteln^^lhd'@jt(^ 

55 scope can be^preverited from deteriorating/ " ; * s *': .;; r ^ i~ .!■*."■-.: "<"' ;r« r ;^^ 

[0240] Moreover, according to the present embodiment; the objective frame 210 andlmage guide fiber frame 208 are 
hermetically joined by performing . laser- we^ 

pipe 87 in the second embodiment, an airtightriess retaining member 225 made'bf a metal, ceramic, brthe like may be 
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employed. The air^ghtness retaining member 225 and the objective frame 210 and image guide fiber frame 208. may 
be hermetically joined by performing, laser weidjng or soldering, In this case, the objective frame 210 and image-guide 
fiberframe 208 can be bonded, more firmly to each other Consequently, it becomes easy to bring the group of objec- 
• tives 202 into focus during assembling. ' , uv: ^ W : i:i u * „ '„. .', <•,-■"< : - , ■-' 

5 10241 1 Moreover, when moisture.condenses into water droplets on the surface of the cover glass 219 during autoclave 
ing. or when water droplets are produced on the surface of the second cover glass 218. the water droplets can be wiped 
off easily by removing the eyepiece unit 203. i.^ue m^m' v***-n-* n ■■■ '.«%«. <v. '■ r 

[0242* , As shown in FIG. 27, a hermetically sealed objective unit 337 may be firmly bonded to the distal end of an 
image guide fiber bundle 336. that is, the image input end thereof using a transparent adhesive 329 iri;such a manner 

10 that no air layer is present: The objective unit 337 consists of an objective frame 338, a distal cover;glass 339 abiek-. 
end cover glass 340. a group of objectives 341 ; and a spacer ring 342. The objectiveframe 338 is made of ametal The 
distal cover glass 339 made of sapphire is hermetically locked in the distal part of the objective frame 338 by performing? 
brazing or the like. A metal coating is formed on the outer circumference of the distal cover glass 339 as a joint of the 
distal cover; glass and objective frame. The group of objectives 341 is placed in a space hermetically sealed with We 

15 objective frame 338, and cover glasses 339 and 340. ..... 

[0243] , In the structure, the spacer ring 342 is used to position the group of objectives 341 and to focus it on the image 
input end of the .mage guide fiber bundle 336. Focusing therefore need not be performed in particular during assem- 

[0244] The back-end cover, glass 340 is not fixed to the proximal end of the objective frame 338 but secured with an 
?o engagement portion 338a left at the end of the objective frame 338. The distal part of a base 343 of the image guide 
fiber bundle 336 is inserted and fixed to the -engagement portion 338a formed at the end of the objective frame 338 
Owing to the structure, the center axis of the group of objectives 341 is aligned with the center axis of the image diSide 
fiber bundle 336. • .... .,; .... . ..." a 

J0245]= ; fA mask deposition cover glass 344 is, as shown in FIG. 28. fixed to the image output end of the image guide 
?s fiber bundle 336. A black. deposition material 345 such as chromium oxide is, as shown in FIG. 29, deposited on the 
mask deposition cover glass 344, thus forming a field mask Aportionof the mask deposition cover glass on which the 
deposition material 345 is not deposited defines a range of a field of view seen by an observer. The field mask has an 
up indicator 344a so as to help the observer recognize an up direction. - ; ■< 

[0246] ; The mask deposition cover glass 344 is/as shown in FIG. 28, closely fixed to the image output end of the 
image guide fiber bundle 336 using atransparent silicon adhesive 346 in such a manner that no air layer is present 
[0247] Furthermore, in the present embodiment, a hermetically sealed illumination lens unit 358 is, as shown in FIG 
27. closely fixed to the emission end of a light guide fiber bundle 357 using a transparent adhesive 329 in such a man- 
ner that no air layer is present. The illumination lens unit 358 consists of an illumination frame 359. a distal illumination 
cover glass 360, a back-end illumination cover glass 361 . and an illumination lens 362. The illumination frame 359 is 
made of a metal. The distal illumination cover glass 360 made of sapphire is hermetically locked in the distal part of the 
illumination frame 359 by performing, for example, brazing. A metal coating is formed on the outer circumference of the 
d,sta| illumination cover glass 360 as a joint of the distal illumination cover glass 360 and the illumination frame 359 
Thebackne^d illumination cover glass 361= made of sap 
tionfframe i359.Tbe:illumination 
40 cover glasses 360 and 361 . * ' 

[0248]v, Tbe light guide fiber bundle 357 and the illumination lens unit 358 are locked in a mounting hole bored in a 
distal sti-ucture of aninsertion unit; At this time, the light guide fiber bundle 357 is inserted througbthe back end of the 
hole; while the illumination lens unit 358 is inserted through the front end thereof. ■■■>-• v.- 

[0249] FIG. 30 shows a connector unit 365 to be coupled to a light source apparatus: A hermetically sealed illumina- 
45 tion light ineidence end optical member unit 366 is ^closely fixed to tbeiincidence end otthelightguidetiber bundle 357 
using a transparent adhesive 329 in such a manner that no air layer is present. : . m -^^^ 
[0250] The illumination light incidence end optical member unit 366 consists of a rod lens frame 367 two cover 
glasses 368, and a. rod lens 369; The rod lens frame 367 is made of a metal. The two cover glasses 368 made of sat* 
phire are hermetically locked in both the end portions of the rod lens frame 267 by performing brazing or the like A 
so metal coating is formed on the outer circumferences of the cover glasses 368 as joints of the cover glasses and the rod 
lens frame. The rod lens 369 is placed in a space hermetically sealed with the rod lens frame 367 and cover glasses 
36% : The rod lens 369 is formed with* singlefibermade of a multkcomponent glass^and homogeneously disperses 
incident light emanating from a light source. , .■„., •, ° ., 

[0251] In FIG. 27 and FIG. 30. reference numeral 327 denotes the joints at which the lenses and frames are hermet- 
55 ically joined by performing brazing, soldering, or metal welding such as laser welding.- 

[0252]] Assuming that the endoscope having the foregoing structure is autoclavediusing high-pressure high-temper- 
ature, steam, steam invades inte rne interior of the endoscope^through the Q rings, adhesives, resin parts, or the like 
However, since the objective unit 337 located at the image input end of the image guide fiber bundle 336 is hermetically 
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sealed, steam will not invade into the hermetically sealed space. Consequently, it will not take place that water droplets 
are produced oh optical mentee^ tb 'evehtually ddud ' • 

[0253] Mbreover; the ii using 
the transparent adhesive 32& in'sUch a MoTsture'wiii ^^M^^ABPc&Mense into 

5 water droplets between the light guide fiber bundle and back-end cover glass. Furthermore, the mask deposition cover 
glass 344 is closely fixed to the image output end of the image guide fiber bundle 336 using'the' tran^ 
46 in such a manner that no air.layer is present. Moisture will hot condense into water droplets 1 between the mask' dep- 
osition cover glass and image guide fiber. 

[0254] > FurthermdreVthe' iliurnihatidh lens unit 35816cated ait the= emission end df ; the light guide fiber<3 57 is sealed 

w hermetically. Water droplets will therefore not be produced to cloud the optical members including the illumination lens 
362. Moreover, the light guide fiber bundle 357 and back-end illumination cover glass 361 are closely fix^ to each other 
using the transparent adhesive 329 in such a manner that no air layer is present. Moisture will therefore not condense 
into waterdfpplets betw6eri 4 trie light ! guidfe fiber Bundled 
nati6mricidehce : ehd lens Unit 366 ideated at theiricideiic£'e^ 

15 Steam will therefore not invade into the hermetically sealed space. It will therefore not take place that- water droplets are 
produced on the optical members including the rod lens 3269 to. eventually cloud the optical members. Moreover, the 
light guide fiber'buhdle 357 and cover glas$ 368 are r dds6ly fixed to each btherusirig thfe tfahspareht r adhesivei 329 in 
such a ; manner thatm^ moisture will riot do the 

light guide fiber bundle and co^ - ■•• tr,i y: - ■^'••^■-olu/i .>" :\^K:' v ^,-- t .-/..?' u: -•«:•«• 

20 [0255] The present: iembbdiment i 

[0256] Even when an endoscope is autoclaved, it will not take place that optical members included in an objective unit 
and an eyepiece unit are clouded or a field of view is narrowed due to deterioration of lens glasses. The objective unit 
andShe eyepiece unit are hermetib^lly sealed iand located at trie imaged and 
the image output end thereof respectively. . ,v ' v ""'" •°- t '"' : ° 1:4 

25 [0257] Moreover, even when the endoscope is autoclaved, there is no fear that moisture may condense into water 
droplets between the end of the image guide fiber bundle and an optical member. This is because optical members are 
closely fixed to the image input end arid image output end of the imagfe guid^ air 
layer is present^ ,t,: "- ' : ' r-^-t^-: H>t • " ■•■^-•..r ■ ■ 

[0258] Furthermore, even when the endoscope is autoclaved, the optical members locked in the spaces hermetically 

30 sealed at the emission end and incidence end of a light guide fiber bundle will not be clouded, or lens glasses will not 
deteriorate: Consequently -it will not take place that illumination light diminishes delight is distributed! in ari irihdmoge- 

nedus- manner.- ^ vo^vy ^-.--r. :o ■■•■vn ;.; ( ; ■ -•• • ,•«*,... ^ ' .\->vy>- -\ : .■.■^s =■■•■ 

[0259] Mdrebver^even when -the 1 endoscope is autoclaved? moisture will not condense into water droplet^between 
the ends of the light guide fiber bundle and the optical members. This is because the optical members are closely fixed 

35 to the incidence end and> emissidnVehd of the light guide fiber bundle in such a manner that ncfair'layer is prfe^ritrCori- 
sequently, it will not take place that illumination light dirninisK^ 

[0260]"^Fur#vermore^he^irhage output end of the imag^^gUid^fiber^btjhdle f ahd a mask deposition rover glass are 
closely fixed to each other in such a manner that no air layer is present. Interference fringes stemming from reflection 
occurring between the image output end and mask deposition cover glass will not be produced. 

40 [0261] Furthermore^ the mask depidsiti 

die using a silicon adhesive that can be wiped^off^ relatively" easily. The mask de^ therefore be 

repaired readily. ^ -■■•«-;■;,;? >*- > -•'■w-- •* -j^c* ..^o^ ;o W**} ha-;.? r^-^ifonUiv/ob^^ .&y<t<y>. 

[0262] According to the present invention, it is apparent that a wide range of different embodiments cah T be con- 
structed based on the invention without a departure from the spirit and scope of the invention. The present invention will 

45 be limited by the appended claims' but nbt-bfe restricted by' any- specific embodimems^^ ■> -s'-o-. > - ^ 

Claims 

1; An endbswp^ capable of being autbel ^ ^teu >*>> w 

50 . - .' "i j • •', ; o *r*t s-'ir'r-v.- '"est 'j^v '"v^ 1 .; *^ir?»--A • '.■■i.mi-.-f^ -.11 * r • « " * ' " j ' v -" ; t^- v - 

an insertion unit having a soft member made of a soft polymeric material as at least part of a casing thereof: 
an interrar endoscope 1^ space of said insertion lihit that \k sealed at^a first sealing 

level atwhich the i^ bifr - 
contents all or part of which are stowed in said internal endoscope space, and which include at least one her- 
55 metically sealed unit composed of a plurality of aiirtight partition members arid formed at a second sealing level 

higher than the first sealing level by joining the meeting p^ air- 
tight joining means; 

wherein even when high-pressure high-temperature steam permeates' through said soft member of said tnser- 
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tion unit which is made of a polymeric material, and invades into said internal endoscope space formed at the 
SL^SE ^ e !^ h - pres J sure high-temperature steam will be hindered from invading into the hermeti- 
cally sealed unit included in said contents and formed at the second sealing level. 

iTlTT ,' e ° f bein9 a , utoclaved accordin 9 to claim 1 , wherein said airtight partition members are mem- 
bers made of a metal, ceramic, glass, or crystalline material; 

An endoscope capable of being autoclaved according to claim 1. wherein the components of the joints at which 

mlhS^S^ 3 ^ ° f b6 ? ai f claved accordin 9 t0 claim 3. wherein said airtight joining means is a joining 
a moSn Sss °* bra2in9 ' Solderin 9 or m ^od using 

An endoscope capable of being autoclaved according to daim 1. wherein said hermetically sealed unit included in 
said contents and formed at the second sealing level is pressure-resistant to resist a negative pressure ^effur 
ization to be attained or performed during autoclaving so as not to be destroyed, and ^^herein said he metSllv 

nr^^ 

An endoscope capable of being autoclaved according to claim 1. wherein said hermetically sealed unit includes at 

ssssrrr r* a ** *■ ~ r - sas 

An endoscope capable of being autoclaved according to claim 6. wherein said hermetically sealed unit is a lens unit 
Ss^ereoT 6 ' are airtight partition members, hermetically 

An endoscope capable of being autoclaved according to claim 6. wherein said contents include an observing 

therein ^SSSSS ' Tt " *1 **** 1n-ntoBt aS an ° ptica ' window hermetic^ l3 

therein, and said .optical windows bared on the outer surface of said endoscope as part of the housing thereof. 

9 ' Ca n vfn?r s C SiS b ' e ° f bei w 9 autoc,aved accordin 9 to daim 7, wherein said observing means is an imaging unit 
having a solid-state imaging device as part of an image transmitting means, and an objective unit havina ootica 
hermetically tacked in both end portions thereof is .ocated at the image input end of said^ sSe °ma* 

10. An endoscope capable of being autoclaved according to claim 8, wherein a metal coating having a low reflectance 
layer as a lowermost layer and a joining layer as an uppermost layer is formed on the outer drc^e^nces S said 
optical Iwmdows -eluded in said lens unit, or in other words, at joints at which ^ 

11. An endoscope capable of being autoclaved according to claim 10. wherein said low reflectance layer has a two- 
«ayer structure or consists of a lower layer made of chromium oxide and an upper ii^tS^SS 

12. An endoscope capable of being autoclaved according to claim 10, wherein the outer circumferences of said ootical 
windows on which said low reflectance layer is formed are polished so that an mmS^SSmSSStM 
within the range of 0.1 m to 1 m and the largest height (Pv) will fall within the range 3 2 °m to £ 

13. An endoscope capable of being autoclaved according to claim 9, wherein one of said optical windows included in 
sa,d objective unrt is placed in close contact with the image input end of said soiid-state imaging d^ 

14. An endoscope capable of being autoclaved according to claim 13, wherein said optical window and said imade 
■nput end of sa.d sol,d-state imaging device are closely joined using a transparent aShesive 9 

15 ' tor SSSS S^Ll^Z aUt ° C,aVed aCC ° rdin9 *° C ' aim 9l Wh6r6in Said contents inc,ude a " Active unit 
for forming an object ,mage and an imaging unit having a solid-state imaging device on which the formed object 
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image is projected, wherein said objective unit accommodating said hermetically sealed unit formed at the second 
sealing level is located in front of the imaging surface of said solid-state imaging device, and wherein a member 
opposed to the proximal outer surface of said solid-state imaging device is sealed at the first sealing level. 

5 16. An endoscope capable of being autoclaved according to claim 8, wherein when a bendable part capable of being 
bent is located near the distal end of said insertion unit, said hermetically sealed unit included in said contents is 
positioned within a distal rigid part distal to said bendable part 

17. An endoscope capable of being autoclaved according to claim 7, wherein said contents include an observing 
10 means or illuminating means having an optical fiber bundle as a light introducing path, and said lens unit is located 

at the input end or output end of said optical fiber bundle. 

18. An endoscope capable of being autoclaved according to claim 17, wherein one of said optical windows included in 
said lens unit is placed in close contact with the input end or output end of said optical fiber bundle. 

15 ' 

19. An endoscope capable of being autoclaved according to claim 1 7, wherein said lens unit located at the end of said 
optical fiber bundle can be attached or detached freely. 

20. An endoscope capable of being autoclaved according to claim 6, wherein said contents include an observing 
20 means or illuminating means having an optical fiber bundle as a light introducing path, optical fibers constituting the 

input end portion or output end portion of said optical fiber bundle are infiltrated with an airtightness retaining filler - 
in order to make the optical fibers airtight, and wherein the end portions of said optical fiber bundle are hermetically 
fixed to airtight partition members that are integral parts of said hermetically sealed unit. 

25 21 . An endoscope capable of being autoclaved according to claim 6, wherein said hermetically sealed unit has an opti- 
cal member, which is engaged with a frame member, as an internal member or airtight partition member, and 
wherein when another optical members are closely united with the optical path surface of the optical member, the 
another optical members are not engaged with said frame member. 

30 22. An endoscope capable of being autoclaved according to claim 1, wherein a bendable part capable of being bent is 
located near the distal end of said insertion unit, a first hermetically sealed unit is included in a distal rigid part distal 
to the distal end of said bendable part, a second hermetically sealed unit is located near said operation unit beyond 
said bendable part, and said first and second hermetically sealed units are electrically linked by a cable. 
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FIG.5A FIG.5B 
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FIG.11 
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FIG.15 
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